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SEQID NO. I

10 20 30 a0 50 60
MARAAAQGGG | GGEPRRTEGV: GPGVPGEVEM VEKGOPEDVGP RYTOLOYIGE  GAYGMVSSAY

70 80 90 100 110 120
DHVRKTRVAT KKISPFEHQT ' YCORTLREILQ ITLILRFRHENV IGIRDILRAS TLEAMRDVYTI

130 140 150 160 170 180
VODLMETDLY KETKSQOLSN: DHICYFLYQIL LRGLKYIHSA NVLHRDLKPS NLEINTTCDL

190 200 210 220 230 240
KICDEGLART ADPEHDHTGF LTEYVATRWY RAPETIMINSK GYTKSIDIWS VGCILARMLS

250 260 270 280 290 300
NEPIFPGKHY LDOQINHILGLI LGSESQEDLN: CIINMEARNY LOSTLRPSKTRYV. AWAKLEPESD

310 320 330 340 350 360
SKALDLLDRMLTENPNKRIT VEEATAHPYIL EQYYDPTDEP: VAEEPETEAM KL DDLPKERT

370
KELIFQETAR FQPGVLEAPR

FIGURE 1
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SEQ ID NO. 3
10 20 30 10 50 60
MAAAAAAGAG PEMVRGQVED VEPRYINLSY " IGHGAYGEMVE  SAYDNVNKVR  VAIKKISPIEE
70 80 90 100 110 120
HOTYCORTIR EIKILLRFRH ENIIGINDIT RAPTIEQOMKD VYIVODLMET DLYKLLKTOH
130 140 150 160 170 180
LSNDHICYFL YQILRGLRY I HSANVLHRDL KPSNLLINTT CDLRICDFEGL "ARVADPDHDH
190 200 210 220 230 240
TGELTEYVAT “RWYRAPEIML NSKGYTKSED “IWSVGCILAE  MLSNRPIFPG KHYLDQLNHT
250 260 270 280 290 300
LGELGSPSQEDENCEINLKA I RNYLESLPHK NKVPWNRLEP: NADSKALDLL:  BPKMLTENPHK
310 320 330 340 350 360
RIEVEQALAH  PYLEQYYDPS DEPIAEAPFK EDMELDDLPR EKLKELILFEE TARFQPGYRS

FIGURE 2
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ERK INHIBITORS AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. provisional
application No. 61/785,126, filed Mar. 14, 2013, and U.S.
provisional application No. 61/762,408, filed Feb. 8, 2013,
the entirety of each of which is hereby incorporated by refer-
ence.

TECHNICAL FIELD OF THE INVENTION

present invention relates to compounds useful as inhibitors
of ERK kinases, for example one or both of ERK1 and ERK2
kinases. The invention also provides pharmaceutically
acceptable compositions comprising compounds of the
present invention and methods of using said compositions in
the treatment of various disorders.

SEQUENCE LISTING

In accordance with 37 CFR 1.52(e)(5), the present speci-
fication makes reference to a Sequence Listing submitted
electronically in the form of a text file (entitled “Sequence
Listing.txt,” created on Mar. 17, 2014, 7.37 KB in size). The
entire contents of the Sequence Listing are herein incorpo-
rated by reference, with the intention that, upon publication
(including issuance), this incorporated sequence listing will
be inserted in the published document immediately before the
claims.

BACKGROUND OF THE INVENTION

The search for new therapeutic agents has been greatly
aided in recent years by a better understanding of the structure
of'enzymes and other biomolecules associated with diseases.
One important class of enzymes that has been the subject of
extensive study is protein kinases.

Protein kinases constitute a large family of structurally
related enzymes that are responsible for the control of a
variety of signal transduction processes within the cell. Pro-
tein kinases are thought to have evolved from a common
ancestral gene due to the conservation of their structure and
catalytic function. Almost all kinases contain a similar 250-
300 amino acid catalytic domain. The kinases may be catego-
rized into families by the substrates they phosphorylate (e.g.,
protein-tyrosine, protein-serine/threonine, lipids, etc.).

The processes involved in tumor growth, progression, and
metastasis are mediated by signaling pathways that are acti-
vated in cancer cells. The ERK pathway plays a central role in
regulating mammalian cell growth by relaying extracellular
signals from ligand-bound cell surface tyrosine kinase recep-
tors such as erbB family, PDGF, FGF, and VEGF receptor
tyrosine kinase. Activation of the ERK pathway is via a cas-
cade of phosphorylation events that begins with activation of
Ras. Activation of Ras leads to the recruitment and activation
of Raf, a serine-threonine kinase. Activated Raf then phos-
phorylates and activates MEK 1/2, which then phosphorylates
and activates ERK1 and/or ERK2. When activated, ERK1
and/or ERK2 phosphorylates several downstream targets
involved in a multitude of cellular events including cytoskel-
etal changes and transcriptional activation. The ERK/MAPK
pathway is one of the most important for cell proliferation,
and it is believed that the ERK/MAPK pathway is frequently
activated in many tumors. Ras genes, which are upstream of
ERK1 and/or ERK2, are mutated in several cancers including
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colorectal, melanoma, breast and pancreatic tumors. The high
Ras activity is accompanied by elevated ERK activity in
many human tumors. In addition, mutations of BRAF, a
serine-threonine kinase of the Raf family, are associated with
increased kinase activity. Mutations in BRAF have been iden-
tified in melanomas (60%), thyroid cancers (greater than
40%) and colorectal cancers.

Many diseases are associated with abnormal cellular
responses triggered by protein kinase-mediated events as
described above. Accordingly, there remains a need to find
protein kinase inhibitors useful as therapeutic agents.

SUMMARY OF THE INVENTION

It has now been found that compounds of this invention,
and pharmaceutically acceptable compositions thereof, are
effective as inhibitors of one or both of ERK1 and ERK2.
Such compounds have general formula I:

R!

-
W

R,
\ N

LA
N gaﬁ)m

ora pharmaceutically acceptable salt thereof, wherein each of
Ring A, Ring B, R', R, R?, R?, W, m, and p, with respect to
the formula above, is as defined and described in embodi-
ments herein. In certain embodiments, R* is a warhead group.

Compounds of the present invention, and pharmaceutically
acceptable compositions thereof, are useful for treating a
variety of diseases, disorders or conditions, associated with
abnormal cellular responses triggered by protein kinase-me-
diated events. Such diseases, disorders, or conditions include
those described herein.

Compounds provided by this invention are also useful for
the study of kinases in biological and pathological phenom-
ena; the study of intracellular signal transduction pathways
mediated by such kinases; and the comparative evaluation of
new kinase inhibitors.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 provides SEQ ID NO. 1, which is the amino acid
sequence of ERK1.

FIG. 2 provides SEQ ID NO. 3, which is the amino acid
sequence of ERK2.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

1. General Description of Compounds of the
Invention

In certain embodiments, the present invention provides
irreversible inhibitors of one or both of ERK1 and ERK?2 and
conjugates thereof. In some embodiments, such compounds
include those of the formulae described herein, or a pharma-
ceutically acceptable salt thereof, wherein each variable is as
defined and described herein.
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2. Compounds and Definitions

Compounds of this invention include those described gen-
erally above, and are further illustrated by the classes, sub-
classes, and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise indicated.
For purposes of this invention, the chemical elements are
identified in accordance with the Periodic Table of the Ele-
ments, CAS version, Handbook of Chemistry and Physics,
75" Ed. Additionally, general principles of organic chemistry
are described in “Organic Chemistry”, Thomas Sorrell, Uni-
versity Science Books, Sausalito: 1999, and “March’s
Advanced Organic Chemistry”, 5% Ed., Ed.: Smith, M. B. and
March, J., John Wiley & Sons, New York: 2001, the entire
contents of which are hereby incorporated by reference.

The term “aliphatic” or “aliphatic group”, as used herein,
means a straight-chain (i.e., unbranched) or branched, substi-
tuted or unsubstituted hydrocarbon chain that is completely
saturated or that contains one or more units of unsaturation, or
a monocyclic hydrocarbon or bicyclic hydrocarbon that is
completely saturated or that contains one or more units of
unsaturation, but which is not aromatic (also referred to
herein as “carbocycle,” “carbocyclic”, “cycloaliphatic” or
“cycloalkyl”), that has a single point of attachment to the rest
of'the molecule. Unless otherwise specified, aliphatic groups
contain 1-6 aliphatic carbon atoms. In some embodiments,
aliphatic groups contain 1-5 aliphatic carbon atoms. In other
embodiments, aliphatic groups contain 1-4 aliphatic carbon
atoms. In still other embodiments, aliphatic groups contain
1-3 aliphatic carbon atoms, and in yet other embodiments,
aliphatic groups contain 1-2 aliphatic carbon atoms. In some
embodiments, “carbocyclic” (or “cycloaliphatic” or “car-
bocycle” or “cycloalkyl”) refers to a monocyclic C;-Cq
hydrocarbon that is completely saturated or that contains one
or more units of unsaturation, but which is not aromatic, that
has a single point of attachment to the rest of the molecule.
Suitable aliphatic groups include, but are not limited to, linear
or branched, substituted or unsubstituted alkyl, alkenyl, alky-
nyl groups and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl.

As used herein, the term “bridged bicyclic” refers to any
bicyclic ring system, i.e. carbocyclic or heterocyclic, satu-
rated or partially unsaturated, having at least one bridge. As
defined by IUPAC, a “bridge” is an unbranched chain of
atoms or an atom or a valence bond connecting two bridge-
heads, where a “bridgehead” is any skeletal atom of the ring
system which is bonded to three or more skeletal atoms (ex-
cluding hydrogen). In some embodiments, a bridged bicyclic
group has 7-12 ring members and 0-4 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur. Such
bridged bicyclic groups are well known in the art and include
those groups set forth below where each group is attached to
the rest of the molecule at any substitutable carbon or nitrogen
atom. Unless otherwise specified, a bridged bicyclic group is
optionally substituted with one or more substituents as set
forth for aliphatic groups. Additionally or alternatively, any
substitutable nitrogen of a bridged bicyclic group is option-
ally substituted. Exemplary bridged bicyclics include:

A b b
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The term “lower alkyl” refers to a C, _, straight or branched
alkyl group. Exemplary lower alkyl groups are methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, and tert-butyl.

The term “lower haloalkyl” refers to a C,_, straight or
branched alkyl group that is substituted with one or more
halogen atoms.

The term “heteroatom” means one or more of oxygen,
sulfur, nitrogen, phosphorus, or silicon (including, any oxi-
dized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable
nitrogen of a heterocyclic ring, for example N (as in 3,4-
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR* (as in
N-substituted pyrrolidinyl)).

The term “unsaturated,” as used herein, means that a moi-
ety has one or more units of unsaturation.

As used herein, the term “bivalent C, 4 (or C, ) saturated
or unsaturated, straight or branched, hydrocarbon chain”,
refers to bivalent alkylene, alkenylene, and alkynylene chains
that are straight or branched as defined herein.

The term “alkylene” refers to a bivalent alkyl group. An
“alkylene chain” is a polymethylene group, i.e., —(CH,),—,
wherein n is a positive integer, preferably from 1 to 6, from 1
to 4, from 1 to 3, from 1 to 2, or from 2 to 3. A substituted
alkylene chain is a polymethylene group in which one or more
methylene hydrogen atoms are replaced with a substituent.
Suitable substituents include those described below for a
substituted aliphatic group.

The term “alkenylene” refers to a bivalent alkenyl group. A
substituted alkenylene chain is a polymethylene group con-
taining at least one double bond in which one or more hydro-
gen atoms are replaced with a substituent. Suitable substitu-
ents include those described below for a substituted aliphatic

group.
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As used herein, the term “cyclopropylenyl” refers to a
bivalent cyclopropyl group of the following structure:

The term “halogen” means F, Cl, Br, or L.

The term “ary]l” used alone or as part of a larger moiety as
in “aralkyl,” “aralkoxy,” or “aryloxyalkyl,” refers to monocy-
clic or bicyclic ring systems having a total of five to fourteen
ring members, wherein at least one ring in the system is
aromatic and wherein each ring in the system contains 3 to 7
ring members. The term “aryl” may be used interchangeably
with the term “aryl ring” In certain embodiments of the
present invention, “aryl” refers to an aromatic ring system and
exemplary groups include phenyl, biphenyl, naphthyl,
anthracyl and the like, which may bear one or more substitu-
ents. Also included within the scope of the term “aryl,” as it is
used herein, is a group in which an aromatic ring is fused to
one or more non-aromatic rings, such as indanyl, phthalim-
idyl, naphthimidyl, phenanthridinyl, or tetrahydronaphthyl,
and the like.

The terms “heteroaryl” and “heteroar-,” used alone or as
part of a larger moiety, e.g., “heteroaralkyl,” or ‘“het-
eroaralkoxy,” refer to groups having 5 to 10 ring atoms, pref-
erably 5, 6, or 9 ring atoms; having 6, 10, or 14 & electrons
shared in a cyclic array; and having, in addition to carbon
atoms, from one to five heteroatoms. The term “heteroatom”
refers to nitrogen, oxygen, or sulfur, and includes any oxi-
dized form of nitrogen or sulfur, and any quaternized form of
a basic nitrogen. Exemplary heteroaryl groups include thie-
nyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetra-
zolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isothiaz-
olyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and pteridi-
nyl. The terms “heteroaryl” and “heteroar-", as used herein,
also include groups in which a heteroaromatic ring is fused to
one or more aryl, cycloaliphatic, or heterocyclyl rings, where
the radical or point of attachment is on the heteroaromatic
ring. Exemplary groups include indolyl, isoindolyl, ben-
zothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimi-
dazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenox-
azinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and
pyrido|[2,3-b]-1,4-0xazin-3(4H)-one. A heteroaryl group
may be mono- or bicyclic. The term “heteroaryl” may be used
interchangeably with the terms “heteroaryl ring,” “heteroaryl
group,” or “heteroaromatic,” any of which terms include rings
that are optionally substituted. The term ‘“heteroaralkyl”
refers to an alkyl group substituted by a heteroaryl, wherein
the alkyl and heteroaryl portions independently are optionally
substituted.

As used herein, the terms “heterocycle,” “heterocyclyl,”
“heterocyclic radical,” and “heterocyclic ring” are used inter-
changeably and refer to a stable 5- to 7-membered monocy-
clic or 7-10-membered bicyclic heterocyclic moiety that is
either saturated or partially unsaturated, and having, in addi-
tion to carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference to a
ring atom of a heterocycle, the term “nitrogen” includes a
substituted nitrogen. As an example, in a saturated or partially
unsaturated ring having 0-3 heteroatoms selected from oxy-
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gen, sulfur or nitrogen, the nitrogen may be N (as in 3,4-
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or *NR (as in
N-substituted pyrrolidinyl).

A heterocyclic ring can be attached to its pendant group at
any heteroatom or carbon atom that results in a stable struc-
ture and any of the ring atoms can be optionally substituted.
Examples of such saturated or partially unsaturated hetero-
cyclic radicals include tetrahydrofuranyl, tetrahydrothiophe-
nyl pyrrolidinyl, piperidinyl, pyrrolinyl, tetrahydroquinoli-
nyl, tetrahydroisoquinolinyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl,
oxazepinyl, thiazepinyl, morpholinyl, and quinuclidinyl. The
terms “heterocycle,” “heterocyclyl,” “heterocyclyl ring,”
“heterocyclic group,” “heterocyclic moiety,” and “heterocy-
clic radical,” are used interchangeably herein, and also
include groups in which a heterocyclyl ring is fused to one or
more aryl, heteroaryl, or cycloaliphatic rings, such as indoli-
nyl, 3H-indolyl, chromanyl, phenanthridinyl, or tetrahydro-
quinolinyl, where the radical or point of attachment is on the
heterocyclyl ring. A heterocyclyl group may be mono- or
bicyclic. The term ‘“heterocyclylalkyl” refers to an alkyl
group substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally substi-
tuted.

As used herein, the term “partially unsaturated” refers to a
ring moiety that includes at least one double or triple bond.
The term “partially unsaturated” is intended to encompass
rings having multiple sites of unsaturation, but is not intended
to include aryl or heteroaryl moieties, as herein defined.

As described herein, compounds of the invention may con-
tain “optionally substituted” moieties. In general, the term
“substituted,” whether preceded by the term “optionally” or
not, means that one or more hydrogens of the designated
moiety are replaced with a suitable substituent. “Substituted”
applies to one or more hydrogens that are either explicit or
implicit from the structure (e.g.,

refers to at least

Q

H
1 gp!

refers to at least

or

R! ,
R! R!

R

00

Unless otherwise indicated, an “optionally substituted” group
may have a suitable substituent at each substitutable position
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of the group, and when more than one position in any given
structure may be substituted with more than one substituent
selected from a specified group, the substituent may be either
the same or different at every position. Combinations of sub-
stituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible com-
pounds. The term “stable,” as used herein, refers to com-
pounds that are not substantially altered when subjected to
conditions to allow for their production, detection, and, in
certain embodiments, their recovery, purification, and use for
one or more of the purposes disclosed herein.

Suitable monovalent substituents on a substitutable carbon
atom of an “optionally substituted” group are independently
halogen; —(CH,),_,R" —(CH,), ,OR"; —O(CH,), 4R,
—O—(CH,)5.4C(O)OR?; —(CH,)o.4CH(OR"),;
—(CH,)o4SR°; —(CH,),_,Ph, which may be substituted
with R°; —(CH,),_,O(CH,),_, Ph which may be substituted
with R°; —CH-—CHPh, which may be substituted with R";
—(CH,)y_4O(CH,),_; -pyridyl which may be substituted with
R? —NO,; —CN; —Nj; —(CH,)0.4N(R"),; —(CH,)o N
(R)C(O)R®; —N(R*)C(S)R?; —(CH), N(R)C(O)NR",;
—NR)C(SNR®,; —(CH,), .N(R)C(O)OR"; —N(R*N
(RC(O)R®; —N(R*)N(R)C(O)NR®,; —N(R°)N(R*)C
(O)OR?; —(CH,)o4C(O)R”; —C(S)R7; —(CH,)0.4C(0)
OR?%; —(CH,), 4C(O)SR"; —(CH,)o4C(O)OSIR"5;
—(CH,),,OC(O)R"; —OC(O)(CH,),4SR°, SC(S)SR*;
—(CH,)4SC(O)R”; —(CH,),.4C(O)NR”;; —C(S)NR”;;
—C(S)SR°; —SC(S)SR°, —(CH,),_,OC(O)NR*°,; —C(O)
N(OR")R"; —C(O)C(O)R"; —C(O)CH,C(O)R";
—C(NOR*)R®;  —(CH,),SSR%  —(CH,),.S(O),R*;
—(CH,)045(0),0R”; —(CH,)o4O8(0),R"; —S(O),NR";;
—(CH,),,S(O)R"; —N(R*)S(0),NR",; —N(R*)S(0),R*;
~N(OR)R*; —C(NH)NR"; —P(O),R*; —P(O)R";
—OP(O)R",; —OP(O)(OR"),; SiR°;; —(C,_, straight or
branched)alkylene)O—N(R®),; or —(C,, straight or
branched)alkylene)C(O)O—N(R"),, wherein each R® may
be substituted as defined below and is independently hydro-
gen, C, ¢ aliphatic, —CH,Ph,—O(CH,),_,Ph, —CH,—(5-6
membered heteroaryl ring), or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or,
notwithstanding the definition above, two independent occur-
rences of R®, taken together with their intervening atom(s),
form a 3-12-membered saturated, partially unsaturated, or
aryl mono- or bicyclic ring having 0-4 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, which may
be substituted as defined below.

Suitable monovalent substituents on R” (or the ring formed
by taking two independent occurrences of R° together with
their intervening atoms), are independently halogen,
—(CH,),,R®, -(haloR®), —(CH,), ,OH, —(CH,), ,OR®,
—(CH,),-,CH(OR®),; —O(haloR®), —CN, —N,,
—(CH,)o-C(OR®, —(CH,),.,C(O)OH, —(CH,),,C(O)
OR®, *(CHz)o-zsR.s —(CH,)o,SH,  (CH,), ,NH,,
—(CH,), ,NHR®, —(CH,),,NR®,, —NO,, —SiR®,,
—OSiR®,, —C(0)SR®, —(C, _, straight or branched alky-
lene)C(O)OR®, or —SSR*® wherein each R® is unsubsti-
tuted or where preceded by “halo” is substituted only with one
or more halogens, and is independently selected from C, _,
aliphatic, —CH,Ph, —O(CH,),_,Ph, or a 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 het-
eroatoms independently selected from nitrogen, oxygen, or
sulfur. Suitable divalent substituents on a saturated carbon
atom of R® include —O and —S.

Suitable divalent substituents on a saturated carbon atom of
an “optionally substituted” group include the following: —O

“0x0”),—S,—NNR*,, —NNHC(O)R*, —NNHC(O)OR*,
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—NNHS(0),R*, —NR*, —NOR*, —O(C(R*,)), ;O0—, or
—S(C(R*,)), 38—, wherein each independent occurrence of
R* is selected from hydrogen, C, ¢ aliphatic which may be
substituted as defined below, or an unsubstituted 5-6-mem-
bered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen,
or sulfur. Suitable divalent substituents that are bound to
vicinal substitutable carbons of an “optionally substituted”
group include: —O(CR*,), ;O—, wherein each independent
occurrence of R* is selected from hydrogen, C, ¢ aliphatic
which may be substituted as defined below, or an unsubsti-
tuted 5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur.

Suitable substituents on the aliphatic group of R* include
halogen, R®, -(haloR®), —OH, —OR®, —O(haloR®),
—CN, —C(O)OH, —C(O)OR®, —NH,, —NHR®,
—NR®,, or —NO,, wherein each R® is unsubstituted or
where preceded by “halo” is substituted only with one or
more halogens, and is independently C,_ aliphatic,
—CH,Ph, —O(CH,),_,Ph, or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

Suitable substituents on a substitutable nitrogen of an
“optionally substituted” group include —RY, —NRT,,
—C(O)RT, —C(O)ORT, —C(O)C(O)RT, C(O)CH,C(O)RT,
—S(O),RF, —S(0),NRT,, —C(S)NRT,, —C(NH)NRT,, or
—N(RS(0),RT; wherein each R is independently hydro-
gen, C, ¢ aliphatic which may be substituted as defined below,
unsubstituted —OPh, or an unsubstituted 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 het-
eroatoms independently selected from nitrogen, oxygen, or
sulfur, or, notwithstanding the definition above, two indepen-
dent occurrences of R, taken together with their intervening
atom(s) form an unsubstituted 3-12-membered saturated,
partially unsaturated, or aryl mono- or bicyclic ring having
0-4 heteroatoms independently selected from nitrogen, oxy-
gen, or sulfur.

Suitable substituents on the aliphatic group of RT are inde-
pendently halogen, —R®, -(haloR®), —OH, —OR®,
—O(haloR®), —CN, —C(O)OH, —C(O)OR®, —NH,,
—NHR®, —NR.z, or —NO,, wherein each R*® is unsubsti-
tuted or where preceded by “halo” is substituted only with one
or more halogens, and is independently C,_, aliphatic,
—CH,Ph, —O(CH,),_,Ph, or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

As used herein, the term “pharmaceutically acceptable
salt” refers to those salts which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of humans and lower animals without undue toxicity, irrita-
tion, allergic response and the like, and are commensurate
with a reasonable benefit/risk ratio. Pharmaceutically accept-
able salts are well known in the art. For example, S. M. Berge
etal., describe pharmaceutically acceptable salts in detail inJ.
Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein
by reference. Pharmaceutically acceptable salts of the com-
pounds of this invention include those derived from suitable
inorganic and organic acids and bases. Examples of pharma-
ceutically acceptable, nontoxic acid addition salts are salts of
an amino group formed with inorganic acids such as hydro-
chloric acid, hydrobromic acid, phosphoric acid, sulfuric acid
and perchloric acid or with organic acids such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid
or malonic acid or by using other methods used in the art such
as ion exchange. Other pharmaceutically acceptable salts
include adipate, alginate, ascorbate, aspartate, benzene-
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sulfonate, benzoate, bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, diglu-
conate, dodecylsulfate, ethanesulfonate, formate, fumarate,
glucoheptonate, glycerophosphate, gluconate, hemisulfate,
heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethane-
sulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate,
maleate, malonate, methanesulfonate, 2-naphthalene-
sulfonate, nicotinate, nitrate, oleate, oxalate, palmitate,
pamoate, pectinate, persulfate, 3-phenylpropionate, phos-
phate, pivalate, propionate, stearate, succinate, sulfate, tar-
trate, thiocyanate, p-toluenesulfonate, undecanoate, valerate
salts, and the like.

Salts derived from appropriate bases include alkali metal,
alkaline earth metal, ammonium and N*(C, _,alkyl), salts.
Representative alkali or alkaline earth metal salts include
sodium, lithium, potassium, calcium, magnesium, and the
like. Further pharmaceutically acceptable salts include, when
appropriate, nontoxic ammonium, quaternary ammonium,
and amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, lower
alkyl sulfonate and aryl sulfonate.

Unless otherwise stated, structures depicted herein are also
meant to include all isomeric (e.g., enantiomeric, diastereo-
meric, and geometric (or conformational)) forms of'the struc-
ture; for example, the R and S configurations for each asym-
metric center, Z and E double bond isomers, and Z and E
conformational isomers. Therefore, single stereochemical
isomers as well as enantiomeric, diastereomeric, and geomet-
ric (or conformational) mixtures of the present compounds
are within the scope of the invention. Unless otherwise stated,
all tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally, unless other-
wise stated, structures depicted herein are also meant to
include compounds that differ only in the presence of one or
more isotopically enriched atoms. For example, compounds
having the present structures including the replacement of
hydrogen by deuterium or tritium, or the replacement of a
carbon by a '*C- or '*C-enriched carbon are within the scope
of'this invention. Such compounds are useful, for example, as
analytical tools, as probes in biological assays, or as thera-
peutic agents in accordance with the present invention. In
certain embodiments, a warhead moiety, R, of a provided
compound comprises one or more deuterium atoms.

As used herein, the term “irreversible” or “irreversible
inhibitor” refers to an inhibitor (i.e. a compound) that is able
to be covalently bonded to a kinase in a substantially non-
reversible manner. That is, whereas a reversible inhibitor is
ableto bind to (butis generally unable to form a covalent bond
with) a kinase, and therefore can become dissociated from the
a kinase, an irreversible inhibitor will remain substantially
bound to a kinase once covalent bond formation has occurred.
Irreversible inhibitors usually display time dependency,
whereby the degree of inhibition increases with the time with
which the inhibitor is in contact with the enzyme. In certain
embodiments, an irreversible inhibitor will remain substan-
tially bound to a kinase once covalent bond formation has
occurred and will remain bound for a time period that is
longer than the life of the protein.

Methods for identifying if a compound is acting as an
irreversible inhibitor are known to one of ordinary skill in the
art. Such methods include, but are not limited to, enzyme
kinetic analysis of the inhibition profile of the compound with
a kinase, the use of mass spectrometry of the protein drug
target modified in the presence of the inhibitor compound,
discontinuous exposure, also known as “washout,” experi-
ments, and the use of labeling, such as radiolabelled inhibitor,
to show covalent modification of the enzyme, as well as other
methods known to one of skill in the art.
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One of ordinary skill in the art will recognize that certain
reactive functional groups can act as “warheads.” As used
herein, the term “warhead” or “warhead group” refers to a
functional group present on a compound of the present inven-
tion wherein that functional group is capable of covalently
binding to an amino acid residue (such as cysteine, lysine,
histidine, or other residues capable of being covalently modi-
fied) present in the binding pocket of the target protein,
thereby irreversibly inhibiting the protein. It will be appreci-
ated that the -L-Y group, as defined and described herein,
provides such warhead groups for covalently, and irrevers-
ibly, inhibiting the protein. In certain instances, a “pro-war-
head group” is used in place of a warhead group. Such a
pro-warhead group converts to a warhead group in vivo or in
vitro.

As used herein, the term “inhibitor” is defined as a com-
pound that binds to and/or inhibits a kinase with measurable
affinity. In certain embodiments, an inhibitor has an IC,,
and/or binding constant of less about 50 pM, less than about
1 uM, less than about 500 nM, less than about 100 nM, less
than about 10 nM, or less than about 1 nM.

The terms “measurable affinity” and “measurably inhibit,”
as used herein, means a measurable change in a kinase activ-
ity between a sample comprising a compound of the present
invention, or composition thereof, and a kinase, and an
equivalent sample comprising a kinase, in the absence of said
compound, or composition thereof.

Combinations of substituents and variables envisioned by
this invention are only those that result in the formation of
stable compounds. The term “stable”, as used herein, refers to
compounds which possess stability sufficient to allow manu-
facture and which maintains the integrity of'the compound for
a sufficient period of time to be useful for the purposes
detailed herein (e.g., therapeutic or prophylactic administra-
tion to a subject).

The recitation of a listing of chemical groups in any defi-
nition of a variable herein includes definitions of that variable
as any single group or combination of listed groups. The
recitation of an embodiment for a variable herein includes
that embodiment as any single embodiment or in combination
with any other embodiments or portions thereof.

3. Description of Exemplary Embodiments

As described herein, the present invention provides irre-
versible inhibitors of one or both of ERK1 and ERK2 kinase.
The compounds of the invention comprise a warhead group,
designated as R', as described herein. Without wishing to be
bound by any particular theory, it is believed that such R*
groups, i.e. warhead groups, are particularly suitable for
covalently binding to a key cysteine residue in the binding
domain of one or both of ERK1 and ERK?2 kinase. One of
ordinary skill in the art will appreciate that one or both of
ERK1 and ERK2 kinase, and mutants thereof, have a cysteine
residue in the binding domain. Without wishing to be bound
by any particular theory, it is believed that proximity of a
warhead group to the cysteine of interest facilitates covalent
modification of that cysteine by the warhead group.

The cysteine residues of interest can also be described by
an identifying portion of the Target’s amino acid sequence
which includes the cysteine of interest. Thus, in certain
embodiments, Cys183 of ERK1 is characterized in that
Cys183 is the cysteine embedded in the amino acid sequence
of ERK1. FIG. 1 provides SEQ ID NO. 1, which is the amino
acid sequence of ERK1. Cys183 is more clearly provided in
the abbreviated amino acid sequence below where Cysteine
183 is highlighted in bold with underlining:

SEQ ID NO. 2: NLLINTTCDL KIC(183)DFGLARI.

Cys166 of ERK2 is characterized in that Cysl66 is the
cysteine embedded in the amino acid sequence of ERK2. FIG.
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2 provides SEQ ID NO. 3, which is the amino acid sequence
of ERK2. Cys166 is more clearly provided in the abbreviated
amino acid sequence below where Cysteine 166 is high-
lighted in bold with underlining:

SEQ ID NO. 4: KPSNLLLNTT CDLKIC(166)DFGL.

In some embodiments, compounds of the present invention
include a warhead group characterized in that provided com-
pounds covalently modify one or more of Cys 183 of ERK1 or
Cys166 of ERK2.

In certain embodiments, compounds of the present inven-
tion include a warhead group characterized in that provided
compounds bind to a target of Cys183 of ERK1 or Cys166 of
ERK2, thereby irreversibly inhibiting the kinase.

Thus, in some embodiments, the R* warhead group is char-
acterized in that the -L-Y moiety, as defined and described
below, is capable of covalently binding to a cysteine residue
thereby irreversibly inhibiting the enzyme. In some embodi-
ments, the cysteine residue is Cys183 of ERK1. In some
embodiments, the cysteine residue is Cys166 of ERK2. In
some embodiments, it is both Cys183 of ERK1 and Cys166 of
ERK2. One of ordinary skill in the art will recognize that a
variety of warhead groups, as defined herein, are suitable for
such covalent bonding. Such R* groups include, but are not
limited to, those described herein and depicted infra.

According to one aspect, the present invention provides a
compound of formula I,

Rr!

w()

RY

LA
N g(R%m

or a pharmaceutically acceptable salt thereof, wherein:

Ring A is an optionally substituted group selected from phe-
nyl, a 3-8 membered saturated or partially unsaturated
carbocyclic ring, a 4-7 membered heterocylic ring having
1-2 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, a 5-6 membered monocyclic heteroaryl
ring having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, a 7-10 membered bicyclic satu-
rated, partially unsaturated or aryl ring which is optionally
bridged, an 8-10 membered bicyclic heteroaryl ring having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a 7-10 membered bicyclic saturated or
partially unsaturated heterocyclic ring having 1-5 heteroa-
toms independently selected from nitrogen, oxygen, or
sulfur; or

Ring A is selected from

7S
®2),—

12
l-continued
R 5 R!
0 ® )p\
®R%r , , and
5
Rl
N
(Rz)p_l
10 F

R! is a warhead group, wherein when Ring A is a monocyclic
ring, then R* is attached to an atom adjacent to where W is
attached;

each R? is independently hydrogen, an optionally substituted
C, _¢ aliphatic, halogen, or —OR;

Ring B (a) is an optionally substituted group selected from
phenyl, a 3-7 membered saturated or partially unsaturated
carbocyclic ring, a 5-6 membered monocyclic heteroaryl
ring having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, a 4-7 membered saturated or

20

25 partially unsaturated heterocyclic ring having 1-3 heteroa-
toms independently selected from nitrogen, oxygen, or
sulfur, a 7-12 membered bicyclic saturated, partially unsat-
urated or aryl ring, a 7-12 membered bicyclic saturated or
partially unsaturated heterocyclic ring having 1-5 heteroa-

30

toms independently selected from nitrogen, oxygen, or
sulfur, or an 8-12 membered bicyclic heteroaryl ring hav-
ing 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or

(b) is absent and (R?),, is attached to —NH—;

each R? is independently selected from —R, -Cy, halogen,
—OR,—SR,—CN,—NO,,—SO,NR, —SO,R,—SOR,
—C(O)R, —C(O)OR, —OC(O)R, —OC(O)N(R),,
—C(O)N(R),, —C(O)N(R)—OR —C(O)C(O)R, —P(0)
(R),, —NRC(O)OR, —NRC(O)R, —NRC(O)N(R),,

40
—NRSO,R, or —N(R),; or two R? groups on the same
carbon atom together form —C(O)—, —C(S)—, or
—C(N—R)—;

eachR is independently hydrogen or an optionally substituted
group selected from C, 4 aliphatic, phenyl, a 3-8 mem-
bered saturated or partially unsaturated carbocyclic ring, a
4-7 membered heterocylic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or
a 5-6 membered monocyclic heteroaryl ring having 1-4
heteroatoms independently selected from nitrogen, oxy-
gen, or sulfur; or
two R groups on the same nitrogen are taken together with

the nitrogen atom to which they are attached to form a
4-7 membered heterocylic ring having 0-2 additional
heteroatoms independently selected from nitrogen, oxy-
gen, or sulfur, or a 4-7 membered heteroaryl ring having
0-4 additional heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

Cy is an optionally substituted 5-6 membered monocyclic
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an optionally
substituted 4-7 membered saturated or partially unsatur-
ated heterocyclic ring having 1-3 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur;

R”1s hydrogen, optionally substituted C,_; aliphatic, halogen,
haloalkyl, —CN, —C(O)R', —C(O)N(R"),, —C(—=N—
R"R'or —N(R"),;
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each R' is independently hydrogen or an optionally substi-
tuted C,_ aliphatic;

R" is hydrogen or —OR;

Wis —O— —NH— —S—, —CH,—, or —C(O)—; and

m and p are each independently 0-4;

wherein:

(a) when R” is Cl and Ring B is phenyl para-substituted with
morpholine, then R* is not

0
Ph/\)kghﬁu

(b) when R” is Cl and Ring B is phenyl di-substituted with
methoxy, then R is not

O
Ph/\)J\N}LLL.
o ;

(c) when R” is Cl and Ring B is a 7-12 membered bicyclic
saturated or partially unsaturated heterocyclic ring having
1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, then R" is not

e}

AR
or

(d) when R is F and Ring B is phenyl tri-substituted with
methoxy, then R! is not

o 0
\YJ
NNy

H

In certain embodiments, Ring A is an optionally substituted
group selected from phenyl, a 3-8 membered saturated or
partially unsaturated carbocyclic ring, a 4-7 membered het-
erocylic ring having 1-2 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, a 5-6 membered monocyclic
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or
Ring A is selected from
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In certain embodiments, Ring A is phenyl.

Incertain embodiments, Ring A is an optionally substituted
3-8 membered saturated or partially unsaturated carbocyclic
ring, an optionally substituted 4-7 membered heterocylic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, an optionally substituted 5-6 mem-
bered monocyclic heteroaryl ring having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, a
7-10 membered bicyclic saturated, partially unsaturated or
aryl ring which is optionally bridged, an 8-10 membered
bicyclic heteroaryl ring having 1-5 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, or a 7-10
membered bicyclic saturated or partially unsaturated hetero-
cyclic ring having 1-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur.

In various embodiments, Ring A is cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
cyclooctyl, [3.3.0]bicyclooctanyl, [4.3.0]bicyclononanyl,
[4.4.0]bicyclodecanyl, [2.2.2]bicyclooctanyl, fluorenyl, phe-
nyl, naphthyl, indanyl, tetrahydronaphthyl, acridinyl, azoci-
nyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, ben-
zothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimida-
zolinyl, carbazolyl, NH-carbazolyl, carbolinyl, chromanyl,
chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-
dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-in-
dazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-in-
dolyl, isoindolinyl, isoindolenyl, isobenzofuranyl, isochro-
manyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,
isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,
4-oxadiazolyl; -1,2,50xadiazolyl, 1,3,4-oxadiazolyl, oxazo-
lidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathii-
nyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pte-
ridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazoli-
nyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofura-
nyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-
thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-
thiadiazolyl, 1,3,4thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl, or xanthenyl.

In certain embodiments, Ring A is

N R! R!
(Rz)p—: , ®RY,—



15
-continued
R! ) R!
i I R, <
®Rp—r , ,
Rl
(T
N R N
®?), ®?),
Rl
1
R | AN N
N\¢ Z / F N
(R?), ®2),

2/ \) —NH —NH
R ®2), ®2),
Rl
S
®),—r
/

In certain embodiments, Ring A is

In certain embodiments, Ring A is

R! R!
(Rz)p@, (Rz)p—Cg/,
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In some embodiments, Ring A is a 4-7 membered saturated
or partially unsaturated heterocylic ring having 1-2 heteroa-
toms independently selected from nitrogen, oxygen, sulfur, or
—P(O)R—. In some embodiments, Ring A is a 4-7 mem-
bered saturated or partially unsaturated heterocylic ring hav-
ing a —P(O)R— ring moiety. An exemplary Ring A group
having a —P(O)R— ring moiety is

R! |I!/R'

In some embodiments, Ring A is

Rl\ \/(\Rz)‘” (\%D}\
Q@ v |/ #

®3),
H
o AN
i N s
R Y | :
LA N
®),1 (R,
x X
|
X P “ e b
~N
®R?), ®2),1
N AN
Rl_i | , or
/P
O (RZ)pN
N
ri_! TN
A~
®3),

In certain embodiments, each R? is independently hydro-
gen.

In certain embodiments, each R? is independently an
optionally substituted C, aliphatic, halogen, or —OR.

In certain embodiments, each R? is independently an
optionally substituted methyl, ethyl, propyl, i-propyl, butyl,
s-butyl, t-butyl, straight or branched pentyl, or a straight or
branched hexyl.
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In certain embodiments, each R? is independently F, Cl, Br,
orl.

In certain embodiments, each R? is independently —OMe,
—OEt, —O-i-Pr, —O-t-Bu,

TTT

In certain embodiments, each R is independently hydro-
gen, F, Cl, Me, CF, or OMe.

In certain embodiments, Ring B is phenyl.

In certain embodiments, Ring B is an optionally substituted
group selected from phenyl, a 3-7 membered saturated or
partially unsaturated carbocyclic ring, a 5-6 membered
monocyclic heteroaryl ring having 1-4 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, a 4-7 mem-
bered saturated or partially unsaturated heterocyclic ring hav-
ing 1-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, a 7-12 membered bicyclic saturated, par-
tially unsaturated or aryl ring, a 7-12 membered bicyclic
saturated or partially unsaturated heterocyclic ring having 1-5
heteroatoms independently selected from nitrogen, oxygen,
or sulfur, or an 8-12 membered bicyclic heteroaryl ring hav-
ing 1-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur.

In various embodiments, Ring B is cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
cyclooctyl, [3.3.0]bicyclooctanyl, [4.3.0]bicyclononanyl,
[4.4.0]bicyclodecanyl, [2.2.2]bicyclooctanyl, fluorenyl, phe-
nyl, naphthyl, indanyl, tetrahydronaphthyl, acridinyl, azoci-
nyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, ben-
zothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimida-
zolinyl, carbazolyl, NH-carbazolyl, carbolinyl, chromanyl,
chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-
dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-in-
dazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-in-
dolyl, isoindolinyl, isoindolenyl, isobenzofuranyl, isochro-
manyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,
isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,
4-oxadiazolyl; -1,2,50xadiazolyl, 1,3,4-oxadiazolyl, oxazo-
lidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathii-
nyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pte-
ridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazoli-
nyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofura-
nyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-
thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-
thiadiazolyl, 1,3,4thiadiazolyl, thianthrenyl, thiazolyl,
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thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl, or xanthenyl.

In certain embodiments, Ring B is selected from:

| NI
N\/N \N/
(R, 3
(R)m
NI
NHO
R R

In certain embodiments, Ring B is absent and (R?),, is
attached to —NH.

As defined above, each R? is independently selected from
—R, -Cy, halogen, —OR, —SR, —CN, —NO,, —SO,NR,
—SO,R, —SOR, —C(O)R, —C(O)OR, —OC(O)R, —OC
(ONR),, —C(ON(R),, —C(ON(R)—OR C(O)C(OR,
—P(O)(R),, —NRC(O)OR, —NRC(O)R, —NRC(O)N(R),,
—NRSO,R, or —N(R),; or two R> groups on the same car-
bon atom together form —C(O)—, —C(S)—, or —C(N—
R)—.

In certain embodiments, each R? is independently hydro-
gen.

In certain embodiments, each R? is independently —R. In
other embodiments, one R> is -Cy.

In certain embodiments, each R® is independently an
optionally substituted C, 4 aliphatic.

In certain embodiments, each R® is independently an
optionally substituted 3-8 membered saturated or partially
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unsaturated carbocyclic ring, a 4-7 membered heterocylic
ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or a 5-6 membered monocyclic
heteroaryl ring having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

In certain embodiments, each R? is independently halogen,

—OR, —SR, —CN, —NO,, —SO,R, —SOR, —C(O)R,
—CO,R, —C(O)N(R),, —NRC(O)R, —NRC(O)N(R),,
~ NRSO.R, or —N(R),.

In certain embodiments, each R? is independently halogen,
—OR, —CN, —SO,R, —C(O)R, —CO,R, —C(O)N(R),,
—NRC(O)R, —NRC(O)N(R),, —NRSO,R, or —N(R),.

In certain embodiments, each R? is independently -Me, -Et,
-t-Bu, —CH,OH, —CF;, —(CH,);NHBoc, —(CH,);NH,,
—CN, —F, —Cl, —Br, —OH, —OMe, —OFt,
—OCH,CH,OMze, —NHCH,CH,0OMe, —OCH,F,
—OCHF,, —OCF,, —OCH,CCH, —NH(Me), or —P(O)
(Me),.

In certain embodiments, each R? is independently
& f_ o
(CH2)3

%Y%Y%Y

HN

O=wnn=0

NH2

(CH2)3 (CHz)z

T T

ol A

OH

g‘{ ;< ;iT/\/O\, or
a{ov§\’/ |
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In certain embodiments, each R? is independently

Et,

%w%ﬁo
s

0 0
OH NH,
0 0 0
F cl
0 0 0
%OMQ HHZ%‘\o-t-Bu, NH,,
0 0
| OMe
0
OH,
N/\/
H
0
/O\/\
N OH, o,
H
\O

o RLL
o ke
=
5]
o)

OH

%

In certain embodiments, each R> is independently an
optionally substituted ring selected from cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
cyclooctyl, [3.3.0]bicyclooctanyl, [4.3.0]bicyclononanyl,
[4.0.4]bicyclodecanyl, [2.2.2]bicyclooctanyl, fluorenyl, phe-
nyl, naphthyl, indanyl, tetrahydronaphthyl, acridinyl, azoci-
nyl, benzimidazolyl, benzofuranyl, benzothiofuranyl, ben-
zothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimida-
zolinyl, carbazolyl, NH-carbazolyl, carbolinyl, chromanyl,
chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-
dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran, furanyl,

o
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furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-in-
dazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-in-
dolyl, isoindolinyl, isoindolenyl, isobenzofuranyl, isochro-
manyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl,
isothiazolyl, isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,
4-oxadiazolyl; -1,2,50xadiazolyl, 1,3,4-oxadiazolyl, oxazo-
lidinyl, oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathii-
nyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl, pte-
ridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazoli-
nyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofura-
nyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, 6H-1,2,5-
thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-
thiadiazolyl, 1,3,4thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyl, 1,3,4-triazolyl, or xanthenyl.

In certain embodiments, each R’ is independently an
optionally substituted ring selected from piperazinyl, pip-
eridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazoli-
nyl, pyrazolyl, pyridazinyl, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, or azetidinyl In some embodiments,
R? is optionally substituted morpholinyl or thiomorpholinyl.
In certain embodiments, the ring is substituted with Me, Et,
OH, C(O)NH,, or C(O)Me. In certain embodiments, the ring
is substituted with C(O)Me.

In certain embodiments, each R? is independently

& ””"‘&
OQ ,
ele)

SO0
' o)\

% D%O%

N/

N

(|CH2)2 (CHz)s

Sl E:]

(|CH2)3
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-continued

SN

T
DY

In certain embodiments, each R> is independently -Me,
—OMe, —NHCH,CH,OMe,

O O
OH

In some embodiments, each R? is independently selected
from those depicted in Table 3, below.

In certain embodiments, R” is hydrogen, optionally substi-
tuted C, ¢ aliphatic, halogen, —Cl, —CF;, —CN, —C(O)',
—C(O)N(R"),, —=C(=N—R")R' or —N(R"),; wherein each
R' is independently hydrogen or an optionally substituted
C, ¢ aliphatic; and R" is hydrogen or —OR. In certain
embodiments, each R' is independently hydrogen, Me, or Et.

In certain embodiments, R* is hydrogen.

In certain embodiments, R” is -Me, —Cl, —F, —CF;,
—CN, —C(O)Me, —C(O)NH,, —C(O)NH(Me), —C(O)
NH(Et), —C(=N—OH)Me, —C(—N—OMe)Me, or
—NH,.

In some embodiments, R” is haloaliphatic. In certain
embodiments, R” is —CF;.

In certain embodiments, R is halogen. In certain embodi-
ments, R” is —Cl.

In some embodiments, R” is selected from those depicted
in Table 3, below.

In certain embodiments, W is NH. In certain embodiments,
Wis O.

In certain embodiments, R' is independently hydrogen,
Me, or Et.

In various embodiments, the invention provides a com-
pound of formula I, wherein each of Ring A, Ring B, R*, R?,
R? R¥ W, m and p is as defined above and described in
embodiments, classes and subclasses above and herein, sin-
gly or in combination.

In various embodiments, the invention provides a com-
pound of formula I-a:

Rr!

ol

NH
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ora pharmaceutically acceptable salt thereof, wherein each of
R?, Ring A, Ring B, R, R% R?, m and p is as defined above
and described in embodiments, classes and subclasses above
and herein, singly or in combination.
In various embodiments, the invention provides a com-

24

Rr!

R, ~{
5

pound of formula I-b: NH
R, N N
Y
R! 10 pZ
N N N <R3>m
®—r H
ora pharmaceutlcally acceptable saltthereof, wherein each of
R?, Ring B, R*, R% R? m and p is as defined above and
Ny 15 described in embodlments classes and subclasses above and
herein, singly or in combination.
)\ In various embodiments, the invention provides a com-
4‘7(1‘3),” pound of formula I-f:
20 Rl I-f
ora pharmaceutically acceptable salt thereof, wherein each of
R?, Ring B, R', R%, R? m and p is as defined above and (RZ)
described in embodiments, classes and subclasses above and ’
herein, singly or in combination.
In various embodiments, the invention provides a com- » Ny
pound of formula I-c: )\
4‘7<R3>m
I-c
R! 30
ora pharmaceutically acceptable salt thereof, wherein each of
R?),— R?, Ring A, Ring B, R', R*, R?, m and p is as defined above
and described in embodiments, classes and subclasses above
NH and herein, singly or in combination.
RY 35 10 various embodiments, the invention provides a com-
| Xy pound of formula I-g:
)\ g
3 Rl
N g(R b N
40 ®)p—r
ora pharmaceutically acceptable salt thereof, wherein each of
R?, Ring B, R', R%, R? m and p is as defined above and
described in embodiments, classes and subclasses above and XN
herein, singly or in combination. 45 )\
In various embodiments, the invention provides a com- 4.7 3
R
pound of formula I-d:

ora pharmaceutically acceptable salt thereof, wherein each of
R”, Ring B, R', R?, R?, m and p is as defined above and

I-d : . .
50 described in embodiments, classes and subclasses above and

Rl
I herein, singly or in combination.
2 . : . . .
R In various embodiments, the invention provides a com-
NI pound of formula I-h:
I-h
RY, 55 1
XN R
L L
60

ora pharmaceutically acceptable salt thereof, wherein each of
R?, Ring B, R', R%, R? m and p is as defined above and
described in embodiments, classes and subclasses above and
herein, singly or in combination.

In various embodiments, the invention provides a com-
pound of formula I-e:

®)

\ﬁ\
ora pharmaceutically acceptable salt thereof, wherein each of
R”, Ring B, R', R?, R®, m and p is as defined above and

65



US 9,145,387 B2

25
described in embodiments, classes and subclasses above and
herein, singly or in combination.
In various embodiments, the invention provides a com-
pound of formula I-j:
Lj
Rl

\ﬁ\
ora pharmaceutically acceptable salt thereof, wherein each of
R”, Ring B, R', R?, R?, m and p is as defined above and
described in embodiments, classes and subclasses above and
herein, singly or in combination.

In various embodiments, the invention provides a com-
pound of formula I-k:

(RZ)p <:[

R

®),—r

Ry

20

Ik

1
R 25

e}

AN

N)\N 3
S

ora pharmaceutically acceptable salt thereof, wherein each of
R”, Ring B, R', R?, R?, m and p is as defined above and
described in embodiments, classes and subclasses above and
herein, singly or in combination.

In various embodiments, the invention provides a com-
pound selected from formula I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h,
1-j, and I-k, wherein R” is haloaliphatic. In various embodi-
ments, the invention provides a compound selected from for-
mula I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-j, and I-k, wherein R”
is —CF;.

In various embodiments, the invention provides a com-
pound selected from formula I-a, I-b, I-c, I-d, I-e, I-f, I-g, I-h,
1-j, and I-k, wherein R* is halogen. In various embodiments,
the invention provides a compound selected from formulaI-a,
I-b, I-c, I-d, I-e, I-f, I-g, I-h, I-j, and I-k, wherein R* is —Cl.

In various embodiments, the invention provides a com-
pound of formula II:

30
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45

50

I
R!

o),
NH

FsC

55

Xy

N)\N R?
H e *m

ora pharmaceutically acceptable salt thereof, wherein each of
Ring A, Ring B, R', R?, R?, m and p is as defined above and
described in embodiments, classes and subclasses above and
herein, singly or in combination.

60

65

26

In various embodiments, the invention provides a com-
pound of any of formula II-a, II-b, II-c, or II-d:

II-a
R!
AN

®R)—r

F5C

II-b

®R?),——

FsC

II-c

®RH,—r

F5C

II-d

(D

or a pharmaceutically acceptable salt thereof,
wherein each of Ring B, R', R?, R? m and p is as defined
above and described in embodlments classes and subclasses
above and herein, singly or in combination.

According to another embodiment, the present invention
provides a compound of formula I11:

11
Rl

o)
NH

Cl
\N

LA
N ga@)m

or a pharmaceutically acceptable salt thereof,

wherein, each of Ring A, Ring B, R, R?, R?, m and p is as
defined above and described in embodiments, classes and
subclasses above and herein, singly or in combination.
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According to another embodiment, the present invention According to another embodiment, the present invention
provides a compound of any of formula III-a, III-b, IlI-c, or ~ provides a compound of any of formula IV-a, IV-b, IV-c, or
1I1-d: Iv-d:

-2 IV-a
Rl
A

R,

al 10

b 5
IV-b

®),——

al 20

e 55

al 30

Id 55

Iv-d

40

45

or a pharmaceutically acceptable salt thereof,
wherein each of Ring B, R', R?, R?, m and p is as defined
above and described in embodiments, classes and subclasses
above and. herein, singly or in cgmbmatlon. . . or a pharmaceutically acceptable salt thereof,

According to another embodiment, the present invention sg wherein each of Ring B, R, R2, R?, R", m and p is as defined
provides a compound of formula IV: above and described in embodiments, classes and subclasses
above and herein, singly or in combination.

v
According to another embodiment, the present invention
provides a compound of formula V:
55
v
Rl
<R2>p4@\
60 0
F35C | Ny
or a pharmaceutically acceptable salt thereof, N)\N .
wherein each of Ring B, R', R?, R?, R", m and p is as defined 65 H ®m

above and described in embodiments, classes and subclasses
above and herein, singly or in combination. or a pharmaceutically acceptable salt thereof,
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wherein each of Ring A, Ring B, R*, R?, R?, m and p is as
defined above and described in embodiments, classes and
subclasses above and herein, singly or in combination.

According to another embodiment, the present invention
provides a compound of any of formula V-a, V-b, V-c, or V-d:

V-a
Rl
A
®2),—

Vs

F5C

V-b

®),——

FsC

V-¢

®2),—

F5C

V-d

3
ot

or a pharmaceutically acceptable salt thereof,

wherein each of Ring B, R', R?, R®>, m and p is as defined
above and described in embodiments, classes and subclasses
above and herein, singly or in combination.

According to another embodiment, the present invention
provides a compound of formula VI:

VI
R!

®?),

Cl

LA

or a pharmaceutically acceptable salt thereof,

15

20

25

35

40

45

o
<

55

60

65

30
wherein each of Ring A, Ring B, R', R?, R*>, m and p is as
defined above and described in embodiments, classes and
subclasses above and herein, singly or in combination.

According to another embodiment, the present invention
provides a compound of any of formula VI-a, VI-b, VI-c, or
VI-d:

VI-a
Rl
AN

(R,

Cl

VI-b

R?),——

Cl

Vi-c

Cl

VI-d

N)\N 3
N Ry

or a pharmaceutically acceptable salt thereof,
wherein each of Ring B, R', R?, R®>, m and p is as defined
above and described in embodiments, classes and subclasses
above and herein, singly or in combination.
According to another embodiment, the present invention
provides a compound of formula VII:
VII

Rr!

®)y

or a pharmaceutically acceptable salt thereof,
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wherein each of Ring A, Ring B, R', R*,R?>, R', m and p is as
defined above and described in embodiments, classes and
subclasses above and herein, singly or in combination.

According to another embodiment, the present invention
provides acompound of any of formula VII-a, VII-b, VII-c, or
VII-d:

VII-a

®),——

x
F
0

VII-b

VIl-c

VII-d

(R3)m

or a pharmaceutically acceptable salt thereof,

wherein each of Ring B, R*, R?, R?, R", m and p is as defined
above and described in embodiments, classes and subclasses
above and herein, singly or in combination.

In certain embodiments, the present invention provides a
compound of any of formula 1, IL, I11, IV, V, VI, or VII wherein
Ring B is phenyl. In other embodiments, the present invention
provides a compound of any of formula I, II, III, IV, V, VI, or
VII wherein Ring B is pyridyl. In other embodiments, the
present invention provides acompound of any of formula I, 11,
111, IV, V, VI, or VII wherein Ring B is piperdinyl. In other
embodiments, the present invention provides a compound of
any of formula I, 11, III, IV, V, VI, or VII wherein Ring B is
cyclohexyl.
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In some embodiments, the present invention provides a
compound of formula VIII:

VII
Rl

(R?),
NH

R

k N,
L~
or a pharmaceutically acceptable salt thereof,
wherein each of Ring A, R', R, R®, R, m and p is as defined
above and described in embodiments, classes and subclasses
above and herein, singly or in combination.

In some embodiments, the present invention provides a
compound of formula VIII wherein R” is haloaliphatic. In
certain embodiments, the present invention provides a com-
pound of formula VIII wherein R” is —CF.

In some embodiments, the present invention provides a
compound of formula VIII wherein R” is halogen. In certain
embodiments, the present invention provides a compound of
formula VIII wherein R” is —Cl.

In certain embodiments, the present invention provides a
compound of formula VIII wherein at least one R® is —OMe.

In some embodiments, the present invention provides a
compound of any of formula VIII-a, VIII-b, VIII-c, or VIII-d:

VIIL-a
Rl
X
®R?),—r
NH
R
)\ N,
\/ N
VII-b
Rl
®RY,—
NH
R
)\ N,
\/ N
ViILc
Rl
®R?),—r
NH
R

| A N
\/N
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-continued
VII-d
®?), R!
N
NH
R
(]
P
N P ®
H /N

or a pharmaceutically acceptable salt thereof,

wherein each of R', R?, R?, R”, m and p is as defined above

and described in embodiments, classes and subclasses above

and herein, singly or in combination.

In some embodiments, the present invention provides a
compound of any of formula VIII-a, VIII-b, VIII-c, or VIII-d
wherein R” is haloaliphatic. In certain embodiments, the
present invention provides a compound of formula VIII
wherein R” is —CF;.

In some embodiments, the present invention provides a
compound of any of formula VIII-a, VIII-b, VIII-c, or VIII-d
wherein R” is halogen. In certain embodiments, the present
invention provides a compound of formula VIII wherein R” is
—Cl.

In certain embodiments, the present invention provides a
compound of any of formula VIII-a, VIII-b, VIII-c, or VIII-d
wherein at least one R* is —OMe.

As defined generally above, the R' group of any of formula
L 1L 100, IV, V, VI, VII, or VIII is a warhead group. In certain
embodiments, R! is -L-Y, wherein:

L is a covalent bond or a bivalent C,_g saturated or unsatur-
ated, straight or branched, hydrocarbon chain, wherein
one, two, or three methylene units of L are optionally and
independently replaced by cyclopropylene, —NR—,
—NR)C(O)—, —C(O)N(R)}—, —N(R)SO,—, —SO,N
R)—, —O0—, —C(0O)—, —OC(O)—, —C(0)0O—,
—S—, —SO0—, —S0,—, —C(—S8)—, —C(—=NR)—,
—N—N—, or —C(=—N,)—;

Y is hydrogen, C,  aliphatic optionally substituted with oxo,
halogen, NO,, or CN, or a 3-10 membered monocyclic or
bicyclic, saturated, partially unsaturated, or aryl ring hav-
ing 0-3 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, and wherein said ring is substituted with
1-4 R® groups; and

each R is independently selected from -Q-Z, oxo, NO,, halo-
gen, CN, a suitable leaving group, or a C, 4 aliphatic
optionally substituted with oxo, halogen, NO,, or CN,
wherein:

Q is a covalent bond or a bivalent C,  saturated or unsatur-
ated, straight or branched, hydrocarbon chain, wherein one
or two methylene units of Q are optionally and indepen-
dently replaced by —N(R)—, —S—, —O—, —C(O)—,
—OC(0)—, —C(0)0—, —SO—, or—SO,—, —N(R)C
(O)—, —C(O)N(R)—, —N(R)SO,—, or —SO,N(R)—;
and

Z is hydrogen or C, ¢ aliphatic optionally substituted with
oxo, halogen, NO,, or CN.

In certain embodiments, L is a covalent bond.

In certain embodiments, L is a bivalent C,_ saturated or
unsaturated, straight or branched, hydrocarbon chain. In cer-
tain embodiments, [ is —CH,—.

In certain embodiments, I is a covalent bond, —CH,—,

—NH—, —CH,NH—, —NHCH,—, —NHC(O)—,

15

20

25

30

35

40

45

50

55

60

65

34
— NHC(0)CH,0C(0)—, —CH,NHC(O)—, —NHSO,—,
—NHSO,CH,—, —NHC(0)CH,OC(0)—, or
—SO,NH-—.

In certain embodiments, L is a bivalent C,_g hydrocarbon
chain wherein at least one methylene unit of L is replaced by
—C(O)—. In certain embodiments, [ is a bivalent C,
hydrocarbon chain wherein at least two methylene units of L
are replaced by —C(O)—. In some embodiments, [ is

—C(0)CH,CH,C(0)—, —C(O)CH,NHC(0)—, —C(0)
CH,NHC(0)CH,CH,C(0)—, or —C(0)CH,CH,CH,NHC
(0)CH,CH,C(O)—.

In certain embodiments, L is a bivalent C,_g hydrocarbon
chain wherein at least one methylene unit of L is replaced by
—S(0),—. In certain embodiments, L is a bivalent C,
hydrocarbon chain wherein at least one methylene unit of L is
replaced by —S(O),— and at least one methylene unit of L is
replaced by —C(O)—. In certain embodiments, L. is a biva-
lent C,_g hydrocarbon chain wherein at least one methylene
unit of L. is replaced by —S(O),— and at least two methylene
units of L are replaced by —C(O)—. In some embodiments,
L is —S(0),CH,CH,NHC(O)CH,CH,C(O)— or —S(0),
CH,CH,NHC(O)—.

In some embodiments, L is a bivalent C, 4 straight or
branched, hydrocarbon chain wherein L has at least one
double bond and one or two additional methylene units of L.
are optionally and independently replaced by —NRC(O)—,
—C(O)NR—, —N(R)SO,—, —SO,NR)—, —S—,
—S3(0)—, —SO0,—, —OC(0O)—, —C(0)O—, cyclopropy-
lene, —O—, —N(R)—, or —C(O)—.

In certain embodiments, L is a bivalent C, ¢ straight or
branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L. is replaced
by —C(0O)—, —NRC(0O)—, —C(O)NR—, —N(R)SO,—,
—SO,NR)—, —S—, —S(0)—, —SO,—, —OC(O)—, or
—C(0)O—, and one or two additional methylene units of L
are optionally and independently replaced by cyclopropy-
lene, —S—, —N(R)—, or —C(O)—.

In some embodiments, L. is a bivalent C, ¢ straight or
branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L. is replaced
by —C(O)—, and one or two additional methylene units of L
are optionally and independently replaced by cyclopropy-
lene, —O—, —N(R)—, or —C(O)—.

As described above, in certain embodiments, L is a bivalent
C,_g straight or branched, hydrocarbon chain wherein L has at
least one double bond. One of ordinary skill in the art will
recognize that such a double bond may exist within the hydro-
carbon chain backbone or may be “exo” to the backbone
chain and thus forming an alkylidene group. By way of
example, such an L group having an alkylidene branched
chain includes —CH,C(—CH,)CH,—. Thus, in some
embodiments, L is a bivalent C, g straight or branched, hydro-
carbon chain wherein L has at least one alkylidenyl double
bond. Exemplary L groups include —NHC(O)C(—CH,)
CH,—.

In certain embodiments, L is a bivalent C, ¢ straight or
branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L. is replaced
by —C(O)—. In certain embodiments, L. is —C(O)CH—CH

(CH,—, —C(O)CH=CHCH,NH(CH,)—, —C(O)
CH—CH(CH,)—, —C(O)CH=CH—, —CH,C(0)
CH—CH—, —CH,C(O)CH—CH(CH,;)—, —CH,CH,C
(0)CH—CH—, —CH,CH,C(O)CH—CHCH,—,

—CH,CH,C(0)CH—CHCH,NH(CH,)—, or —CH,CH,C
(0)CH—CH(CH,)—, or —CH(CH,)OC(O)CH—CH .
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In certain embodiments, L is a bivalent C, ¢ straight or
branched, hydrocarbon chain wherein [ has at least one
double bond and at least one methylene unit of L. is replaced
by —OC(O)—.

In some embodiments, L. is a bivalent C, g straight or
branched, hydrocarbon chain wherein [ has at least one
double bond and at least one methylene unit of L. is replaced
by —NRC(O)—, —C(O)NR—, —N(R)SO,—, —SO,N
R)—, —S—, —S(0)—, —SO,—, —OC(0)—, or —C(0)
O—, and one or two additional methylene units of L. are
optionally and independently replaced by cyclopropylene,
—0O—, —N(R)—, or —C(O)—. In some embodiments, L. is
—CH20C(O)CH—CHCH2-, —CH2-OC(O)CH—CH—,
or —CH(CH—CH2)OC(O)CH—CH—.

In certain embodiments, [. is —NRC(O)CH—CH—,

— NRC(O)CH—CHCH2N(CH3)-, —NRC(O)
CH—CHCH20-, — CH2NRC(O)CH—CH
— NRSO2CH—CH—, —NRSO2CH—CHCH2-, —NRC

(O)(C=N,C(0O)—, —NRC(O)CH—CHCH,N(CH;)—,
—NRC(O)CH—CHCH,O—, —NRC(O)C(—CH,)CH,—,
—CH,NRC(O)—, —CH,CH,NRC(O)—, or —CH,NRC
(O)cyclopropylene-, wherein each R is independently hydro-
gen or optionally substituted C, ¢ aliphatic.

In certain embodiments, I. is —NHC(O)CH—CH—,

— NHC(0)CH—CHCH,N(CH,)—, — NHC(O)
CH—CHCH,0—, — CH,NHC(O)CH—CH
— NHSO,CH—CH—, —NHSO,CH—CHCH,—, —NHC

(0)C—N,)C(0)—, —NHC(O)C(—CH,)CH,—,
—CH,NHC(0)—, —CH,CH,NHC(O)—, or —CH,NHC
(O)cyclopropylene-.

In some embodiments, L. is a bivalent C, g straight or
branched, hydrocarbon chain wherein L has at least one triple
bond. In certain embodiments, L is a bivalent C, g straight or
branched, hydrocarbon chain wherein L has at least one triple
bond and one or two additional methylene units of L. are
optionally and independently replaced by —NRC(O)—,
—C(O)NR—, —S—, —S8(0)—, —SO,—, —C(=S)—,
—C(=NR)—, —O—, —N(R)—, or —C(O)—. In some
embodiments, [ has at least one triple bond and at least one
methylene unit of L is replaced by —N(R)—, —N(R)C
(0O)—, —C(O)—, —C(0)O—, or —OC(O)—, or —O—.

Exemplary L groups include —C=C—, —C=CCH,N
(isopropyl)-, —NHC(O)C=CCH,CH,—, —CH,—
C=C—CH,—, —C=CCH,0—, —CH,C(0)C=C—,
—C(0)C=C—, or —CH,OC(—0)C=C—.

In some embodiments, L. is a bivalent C, g straight or
branched, hydrocarbon chain wherein has at least one alky-
lidenyl double bond and at least one methylene unit of L. is
replaced by —C(O)—, —NRC(O)—, —C(O)NR—, —N(R)
SO,—, —SO,N(R)}—, —S—, —S(0)—, —SO,—, —OC
(O)—, or —C(O)O—, and one or two additional methylene
units of L are optionally and independently replaced by cyclo-
propylene, —O—, —N(R)—, or —C(O)—.

In certain embodiments, L is a bivalent C, 4 straight or
branched, hydrocarbon chain wherein one methylene unit of
L is replaced by cyclopropylene and one or two additional
methylene units of I are independently replaced by
—C(0O)—, —NRC(O)—, —C(O)NR—, —N(R)SO,—, or
—SO,N(R)—. Exemplary L groups include —NHC(O)-cy-
clopropylene-SO,— and —NHC(O)-cyclopropylene-.

As defined generally above, Y is hydrogen, C,  aliphatic
optionally substituted with oxo, halogen, NO,, or CN, or a
3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, and wherein
said ring is substituted with at 1-4 R® groups, each R® is
independently selected from -Q-Z, oxo, NO,, halogen, CN, a
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suitable leaving group, or C, ¢ aliphatic, wherein Q is a cova-
lent bond or a bivalent C,  saturated or unsaturated, straight
or branched, hydrocarbon chain, wherein one or two methyl-
ene units of Q are optionally and independently replaced by
—NR)—, —S—, —0—, —C(0)—, —OC(0)—, —C(0)
O0—,—SO—, or—S0,—, —NR)C(0O)—, —C(O)N(R)—,
—N(R)SO,—, or —SO,N(R)—; and, Z is hydrogen or C, ¢
aliphatic optionally substituted with oxo, halogen, NO,, or
CN.

In certain embodiments, Y is hydrogen.

In certain embodiments, Y is C, ¢ aliphatic optionally sub-
stituted with oxo, halogen, NO,, or CN. In some embodi-
ments,Y is C,_g alkenyl optionally substituted with oxo, halo-
gen, NO,, or CN. In other embodiments, Y is C,_ alkynyl
optionally substituted with oxo, halogen, NO,, or CN. In
some embodiments, Y is C,_¢ alkenyl. In other embodiments,
Y is C,_, alkynyl. In certain embodiments, Y is hydrogen or
C, ¢ aliphatic optionally substituted with oxo, halogen, NO,,
or CN.

In other embodiments, Y is C,_4 alkyl substituted with oxo,
halogen, NO,, or CN. Such Y groups include —CH,F,
—CH,Cl, —CH,CN, and —CH,NO,,.

In certain embodiments, Y is a saturated 3-6 membered
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein Y is sub-
stituted with 1-4 R® groups, wherein each R® is as defined
above and described herein.

In some embodiments, Y is a saturated 3-4 membered
heterocyclic ring having 1 heteroatom selected from oxygen
or nitrogen wherein said ring is substituted with 1-2 R®
groups, wherein each R? is as defined above and described
herein. Exemplary such rings are epoxide and oxetane rings,
wherein each ring is substituted with 1-2 R® groups, wherein
each R” is as defined above and described herein.

In other embodiments, Y is a saturated 5-6 membered
heterocyclic ring having 1-2 heteroatom selected from oxy-
gen or nitrogen wherein said ring is substituted with 1-4 R®
groups, wherein each R? is as defined above and described
herein. Such rings include piperidine and pyrrolidine,
wherein each ring is substituted with 1-4 R® groups, wherein
each R” is as defined above and described herein. In certain
embodiments, Y is

R

/\N/Q_Z \/\
\—(j)l-z , %—(jl)\i, "

(R%\SNE{,

)12

wherein each R, Q, Z, and R® is as defined above and
described herein. In certain embodiments, Y is piperazine.

In some embodiments, Y is a saturated 3-6 membered
carbocyclic ring, wherein said ring is substituted with 1-4 R®
groups, wherein each R® is as defined above and described
herein. In certain embodiments, Y is cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, wherein each ring is substituted
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with 1-4 R® groups, wherein each R® is as defined above and
described herein. In certain embodiments, Y is

AN
Vo

wherein R” is as defined above and described herein. In cer-
tain embodiments, Y is cyclopropyl optionally substituted
with halogen, CN or NO,.

In certain embodiments, Y is a partially unsaturated 3-6
membered monocyclic ring having 0-3 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein.

In some embodiments, Y is a partially unsaturated 3-6
membered carbocyclic ring, wherein said ring is substituted
with 1-4 R groups, wherein each R® is as defined above and
described herein. In some embodiments, Y is cyclopropenyl,
cyclobutenyl, cyclopentenyl, or cyclohexenyl wherein each
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein. In certain embodiments,
Yis

L
v TR,

wherein each R¢ is as defined above and described herein.

In certain embodiments, Y is a partially unsaturated 4-6
membered heterocyclic ring having 1-2 heteroatoms inde-
pendently selected from nitrogen, oxygen, or sulfur, wherein
said ring is substituted with 1-4 R groups, wherein each R®is
as defined above and described herein. In certain embodi-
ments, Y is selected from:

O
N)‘i
(R,
)_/ - \__J)IZ

Re)l 2

)12
Re) 12

#
o

(Re)l 2

)12

wherein each R and R° is as defined above and described
herein.

In certain embodiments, Y is a 6-membered aromatic ring
having 0-2 nitrogens wherein said ring is substituted with 1-4
R® groups, wherein each R® group is as defined above and
described herein. In certain embodiments, Y is phenyl,
pyridyl, or pyrimidinyl, wherein each ring is substituted with
1-4 R® groups, wherein each R° is as defined above and
described herein.
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In some embodiments, Y is selected from:

P R4 K/_(RE)H
N
K \_(Re)” iy

wherein each R° is as defined above and described herein.
In other embodiments, Y is a S-membered heteroaryl ring
having 1-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-3 R? groups, wherein each R® group is as defined above and
described herein. In some embodiments, Y is a 5 membered
partially unsaturated or aryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur,
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein.
Exemplary such rings are isoxazolyl, oxazolyl, thiazolyl, imi-
dazolyl, pyrazolyl, pyrrolyl, furanyl, thienyl, triazole, thia-
diazole, and oxadiazole, wherein each ring is substituted with
1-3 R? groups, wherein each R® group is as defined above and
described herein. In certain embodiments, Y is selected from:

§
( \I\ \
v TR (Re)l 2 \ R

% \Re N
\<Re>1 3 \ <Re>1.z

+$ o
(4\% ( X,

<R>12 % \<R6>12
\
\Re %\ \/<R6>13 % %a{m
\(Re)lz % \Re

wherein each R and R? is as defined above and described
herein.

In certain embodiments, Y is an 8-10 membered bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 het-
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eroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein said ring is substituted with 1-4 R® groups,
wherein R° is as defined above and described herein. Accord-
ing to another aspect, Y is a 9-10 membered bicyclic, partially
unsaturated, or aryl ring having 1-3 heteroatoms indepen-
dently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R® is as defined
above and described herein. Exemplary such bicyclic rings
include 2,3-dihydrobenzo[d]isothiazole, wherein said ring is
substituted with 1-4 R® groups, wherein R s as defined above
and described herein.

As defined generally above, each R® group is indepen-
dently selected from -Q-Z, oxo, NO,, halogen, CN, a suitable
leaving group, or C,_ aliphatic optionally substituted with
oxo, halogen, NO,, or CN, wherein Q is a covalent bond or a
bivalent C,_ saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of Q
are optionally and independently replaced by —N(R)—,
—8—, —0—, —C(O0)—, —O0C(0)—, —C(0)0O—,
—S0—, or —SO,—, —NR)C(0O)—, —C(O)N(R)—,
—N(R)SO,—, or —SO,N(R)—; and Z is hydrogen or C,
aliphatic optionally substituted with oxo, halogen, NO,, or
CN.

In certain embodiments, R® is C, 4 aliphatic optionally
substituted with oxo, halogen, NO,, or CN. In other embodi-
ments, R? is oxo, NO,, halogen, or CN.

In some embodiments, R? is -Q-Z, wherein Q is a covalent
bond and Z is hydrogen (i.e., R® is hydrogen). In other
embodiments, R? is -Q-Z, wherein Q is a bivalent C, ¢ satu-
rated or unsaturated, straight or branched, hydrocarbon chain,
wherein one or two methylene units of Q are optionally and
independently replaced by —NR—, —NRC(O)—, —C(O)
NR—, —S—, —O—, —C(0O)—, —SO—, or —SO,—. In
other embodiments, Q is a bivalent C,_¢ straight or branched,
hydrocarbon chain having at least one double bond, wherein
one or two methylene units of Q are optionally and indepen-
dently replaced by —NR—, —NRC(O)—, —C(O)NR—,
—S—, —O0—, —C(0)—, —SO—, or —SO,—. In certain
embodiments, the Z moiety of the R group is hydrogen. In
some embodiments, -Q-Z is —NHC(O)CH—CH, or —C(O)
CH—CH,.

In certain embodiments, each R® is independently selected
from oxo, NO,, CN, fluoro, chloro, —NHC(O)CH—CH,,
—C(O)CH—CH,, —CH,CH—CH,, —C(O)OCH,C],
—C(O)OCH,F, —C(O)OCH,CN, —C(O)CH,Cl, —C(0O)
CH,F, —C(O)CH,CN, or —CH,C(O)CHj;.

In certain embodiments, R® is a suitable leaving group, ie a
group that is subject to nucleophilic displacement. A “suitable
leaving” is a chemical group that is readily displaced by a
desired incoming chemical moiety such as the thiol moiety of
a cysteine of interest. Suitable leaving groups are well known
in the art, e.g., see, “Advanced Organic Chemistry,” Jerry
March, 5 Ed., pp. 351-357, John Wiley and Sons, N.Y. Such
leaving groups include, but are not limited to, halogen,
alkoxy, sulphonyloxy, optionally substituted alkylsulphony-
loxy, optionally substituted alkenylsulfonyloxy, optionally
substituted arylsulfonyloxy, acyloxy, and diazonium moi-
eties. Examples of suitable leaving groups include chloro,
iodo, bromo, fluoro, acetoxy, methanesulfonyloxy (mesy-
loxy), tosyloxy, triflyloxy, nitro-phenylsulfonyloxy (nosy-
loxy), and bromo-phenylsulfonyloxy (brosyloxy).

In certain embodiments, the following embodiments and
combinations of -L-Y apply:

(a) L is a bivalent C, ¢ straight or branched, hydrocarbon
chain wherein L has at least one double bond and one or two
additional methylene units of L. are optionally and indepen-
dently replaced by —NRC(O)—, —C(O)NR—, —N(R)
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SO,—, —SO,N(R)—, —S8—, —8(0)—, —S0O,—, —0OC
(0)—, —C(0)O—, cyclopropylene, —O—, —N(R)—, or
—C(0O)—; and Y is hydrogen or C, 4 aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(b) L is a bivalent C, ¢ straight or branched, hydrocarbon
chain wherein L has at least one double bond and at least one
methylene unit of L is replaced by —C(O)—, —NRC(O)—,
—C(O)NR—, —N(R)SO,—, —SO,NR)—, —S—,
—S(0)—,—S0O,—, —0C(0)—, or—C(O)O—, and one or
two additional methylene units of L. are optionally and inde-
pendently replaced by cyclopropylene, —O—, —N(R)—, or
—C(0O)—; and Y is hydrogen or C, 4 aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(c) L is a bivalent C, g straight or branched, hydrocarbon
chain wherein L has at least one double bond and at least one
methylene unit of LL is replaced by —C(O)—, and one or two
additional methylene units of L. are optionally and indepen-
dently replaced by cyclopropylene, —O—, —N(R)—, or
—C(0O)—; and Y is hydrogen or C, 4 aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(d) L is a bivalent C, g straight or branched, hydrocarbon
chain wherein L has at least one double bond and at least one
methylene unit of L is replaced by —C(O)—; and Y is hydro-
gen or C, ¢ aliphatic optionally substituted with oxo, halogen,
NO,, or CN; or
(e) L is a bivalent C, ¢ straight or branched, hydrocarbon
chain wherein L has at least one double bond and at least one
methylene unit of L is replaced by —OC(O)—; and Y is
hydrogen or C, 4 aliphatic optionally substituted with oxo,
halogen, NO,, or CN; or
() L is —NRC(O)CH—CH—, —NRC(O)CH—CHCH,N
(CH;)—, —NRC(O)CH—CHCH,0—, —CH,NRC(O)
CH—CH—, —NRSO,CH—CH—,
—NRSO,CH—CHCH,—, —NRC(O)(C—N,)—, —NRC
(O)(C=N,)C(O)—, —NRC(O)CH—CHCH,N(CH;)—,
—NRSO,CH—CH—, —NRSO,CH—CHCH,—, —NRC
(O)CH—CHCH,O—, —NRC(O)C(—CH,)CH,—,
—CH,NRC(O)—, —CH,NRC(O)CH—CH—,
—CH,CH,NRC(O)—, or —CH,NRC(O)cyclopropylene-;
wherein R is H or optionally substituted C,_; aliphatic; andY
is hydrogen or C,_, aliphatic optionally substituted with oxo,
halogen, NO,, or CN; or
(g) L is —NHC(O)CH—CH—, —NHC(O)CH—CHCH,N
(CH;)—, —NHC(O)CH—CHCH,O0—, —CH,NHC(O)
CH—CH—, —NHSO,CH—CH—,
—NHSO,CH—CHCH,—, —NHC(O)(C—N,)—, —NHC
(O)(C=N,)C(O)—, —NHC(O)CH—CHCH,N(CH;)—,
—NHSO,CH—CH—, —NHSO,CH—CHCH,—, —NHC
(O)CH—CHCH,O—, —NHC(O)C(—CH,)CH,—,
—CH,NHC(O)—, —CH,NHC(O)CH—CH—,
—CH,CH,NHC(O)—, or —CH,NHC(O)cyclopropylene-;
andY is hydrogen or C, ¢ aliphatic optionally substituted with
oxo, halogen, NO,, or CN; or
(h) L is a bivalent C, g straight or branched, hydrocarbon
chain wherein L has at least one alkylidenyl double bond and
at least one methylene unit of L is replaced by —C(O)—,
—NRC(O)—, —C(O)NR—, —N(R)SO,—, —SO,N(R)—,
—S—, —8(0)—, —S0,—, —OC(0)—, or —C(0)O—,
and one or two additional methylene units of L are optionally
and independently replaced by cyclopropylene, —O—,
—N(R)—, or —C(O)—; and Y is hydrogen or C, , aliphatic
optionally substituted with oxo, halogen, NO,, or CN; or
(i) Lisabivalent C,_g straight or branched, hydrocarbon chain
wherein L has at least one triple bond and one or two addi-
tional methylene units of L are optionally and independently
replaced by —NRC(O)—, —C(O)NR—, —N(R)SO,—,
—SO,N(R)—, —S—, —S8(0)—, —SO,—, —OC(O)—, or
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—C(0)O—, and Y is hydrogen or C, ¢ aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(j) L is —C=C—, —C=CCH,N(isopropyl)-, —NHC(O)
C=CCH,CH,—, —CH,—C=C—CH,—,
—C=CCH,0—, —CH,C(0)C=C—, —C(O)C=C—, or
—CH,OC(—0)C=C—; andY is hydrogen or C, ¢ aliphatic
optionally substituted with oxo, halogen, NO,, or CN; or
(k) L is a bivalent C,  straight or branched, hydrocarbon
chain wherein one methylene unit of LL is replaced by cyclo-
propylene and one or two additional methylene units of L are
independently replaced by —NRC(O)—, —C(O)NR—,
—N(R)SO,—, —SO,N(R)—, —S8—, —S(0)—, —SO,—,
—OC(0O)—, or —C(0)O—; and Y is hydrogen or C, ; ali-
phatic optionally substituted with oxo, halogen, NO,, or CN;
or
(D) L is a covalent bond and Y is selected from:
(1) C, ¢ alkyl substituted with oxo, halogen, NO,, or CN;
(i1) C, ¢ alkenyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iii) C,_¢ alkynyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-2 R® groups, wherein each R® is as
defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(vi)

(R)lz

Rt
\Q%

)12

wherein each R, Q, Z, and R® is as defined above and
described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein
each R¢ is as defined above and described herein; or

)
% \<R>12,

wherein each R° is as defined above and described herein; or
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(xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(xi)

> \/<R6>12 2/
)12
R

% NR  or ;LH\
R

/—J )12
R912

wherein each R and R? is as defined above and described

herein; or

(xiii) a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein; or

(xiv)

©_ R®)14
F
C_ R13 I Y
E j R13

wherein each R° is as defined above and described herein; or

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 R® groups, wherein
each R® group is as defined above and described herein; or

( %( %( 2
(Re) 13 R R 12

@ kY
(Re)l 3

(xvi)

(Re)l 2
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-continued

N N
( ¥y
\ /\(Re)l-z N—//\

\_Ra{em % T @,
Re g (Re)IS
( NI
\

@ N4 /

wherein each R and R® is as defined above and described
herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsat-
urated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein R s as defined above
and described herein;
(m) L is —C(O)— and Y is selected from:
(1) C,_g alkyl substituted with oxo, halogen, NO,, or CN; or
(i1) C, 4 alkenyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iii) C,_¢ alkynyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-2 R® groups, wherein each R® is as
defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(vi)

O.
2
R® Y @Ry,

<

\_R<R6> 12

Re

R912

(\/\ NR

/\N/Q_Z
\_J , \_J)I-Z o

)12

R ,
QN}{
)12

wherein each R, Q, Z, and R® is as defined above and
described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R° is as defined above and
described herein; or
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(ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein
each R¢ is as defined above and described herein; or

)
%‘/ \<R 125

wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R° is as defined above and
described herein; or

(xi)

FN

O

\
R)12
)_/ zz%z/ )12
RY12
72ii{e)u

/—J )12
(R

wherein each R and R? is as defined above and described
herein; or

NR or

)12

(xiii) a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein; or

(xiv)

]R3

\/N

%{\
.

R)13

A

wherein each R° is as defined above and described herein; or

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 R® groups, wherein
each R® group is as defined above and described herein; or
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(xvi)

R
N.

R%13

( \
(Re) 12 (Re)l 2

5
Re (Re)IS \ I(f\(Re)l-z

N, N, O,
&ﬁ (R 2R
@91 N_// RS /@
\_N<R‘~’> 12 § <Re>12
Re % (Re)IS
S
( \ \ N
(Re)lz N—1 Re

wherein each R and R® is as defined above and described
herein; or

<

\_N(Re)l 2

(xvii) an 8-10 membered bicyclic, saturated, partially unsat-
urated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein Ris as defined above
and described herein;

(n) L is —N(R)C(O)— and Y is selected from:

(1) C,_¢ alkyl substituted with oxo, halogen, NO,, or CN; or
(i1) C, ¢ alkenyl optionally substituted with oxo, halogen,
NO,, or CN; or

(iii) C,_¢ alkynyl optionally substituted with oxo, halogen,
NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said

ring is substituted with 1-2 R® groups, wherein each R® is as
defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(vi)

R912

(\/\ NR

/\N/Q_Z
\_J , \_J)I-Z o

)12

w
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-continued

R912 ,
W

)12

wherein each R, Q, Z, and R® is as defined above and
described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein
each R¢ is as defined above and described herein; or

®)

(Re)l 2

wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R° is as defined above and
described herein; or

(xi)

?i \
> /(Rem %Z/
)12
R

(Re)lz

\ /—J )12
R12

wherein each R and R? is as defined above and described

herein; or

NR or

)12

(xiii) a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein; or

(xiv)

R4 R4
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RN
)

N,
© N
] T R)13
A

T R)13
= N

E }(Re)l 3

wherein each R° is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 R® groups, wherein

each R® group is as defined above and described herein; or
(xvi)
§
\
€ 2 (
R <Re> I

5.5
N—/ R® Q/ R13 \ I(f\(Re)l-z

N\ N ~ (O\
N N
&//\ R12 <N—//\ R® %\_//I\ R)13

O O
< 2 < W
\\_I(fl\(Re)l-z \\\_//\(Re)l-z

O S
W iC
}IQI—//\ R® \\\_//I\(Re) 13

S
Ny
YR, N—Y

wherein each R and R® is as defined above and described
herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsat-
urated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein R s as defined above
and described herein;
(o) L is a bivalent C, g saturated or unsaturated, straight or
branched, hydrocarbon chain; and Y is selected from:
(1) C,_¢ alkyl substituted with oxo, halogen, NO,, or CN;
(i1) C, ¢ alkenyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iii) C,_¢ alkynyl optionally substituted with oxo, halogen,
NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-2 R® groups, wherein each R® is as
defined above and described herein; or

Y

\_N Re) 12

Re
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(v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

V)

(R)lz

Rt
(R%)\i:/ NE{

)12

wherein each R, Q, Z, and R® is as defined above and
described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein
each R¢ is as defined above and described herein; or

x)
/)
%\ TR

wherein each R° is as defined above and described herein; or
(xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(xi)

O
HA \
; / TR

zZT(Re)lz

wherein each R and R? is as defined above and described
herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein; or

)12
(Re)lz

L2

\.

RY12

NR or

)12
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(xiv)

N

X
:( l(Re)1-4
A
C Y
] T R13
A

//Z

[ j_(Re)l 3

wherein each R° is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 R® groups, wherein
each R® group is as defined above and described herein; or

(xvi)
g §
~
DR L
(R%)13 SR, & TR,

¢ < \ L
N_/ R TR

N N_ 0.
N N
\; /\/' (R, <N _//\ R® %\_71\@{6) 13

\_Ra& § I @,
“ Re § (Re)l 3
S
\
( \ N
(Re)l 2 N—Y Re

wherein each R and R® is as defined above and described
herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsat-
urated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein Ris as defined above
and described herein;

R
N

(Re)l 2

<

\_N(Re)l 2

(p) L is a covalent bond, —CH,—, —NH—, —C(O)—,
—CH,NH—, —NHCH,—, —NHC(O)—, —NHC(O)
CH,OC(0)—, —CH,NHC(O)—, —NHSO,—,
—NHSO,CH,—, —NHC(O)CH,OC(O)—, or

—SO,NH—; and Y is selected from:
(1) C,_g alkyl substituted with oxo, halogen, NO,, or CN; or
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(i1) C, ¢ alkenyl optionally substituted with oxo, halogen,
NO,, or CN; or

(iii) C,_¢ alkynyl optionally substituted with oxo, halogen,
NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-2 R® groups, wherein each R® is as
defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(vi)

R912

(\/\ NR

/\N/Q_Z | .
\_J)I-Z

)12

R912 ,
W

)12

wherein each R, Q, Z, and R® is as defined above and
described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as
defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R° is as defined above and
described herein; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein
each R¢ is as defined above and described herein; or

x)
/)
2/\ TR,

wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitro-
gen, oxygen, or sulfur, wherein said ring is substituted with
1-4 R® groups, wherein each R is as defined above and
described herein; or

(xi)
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ANR or 61\
/—J )12
(Re) 12 R)12

wherein each R and R® is as defined above and described
herein; or

(xiii) a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein
each R® group is as defined above and described herein; or

(xiv)

O

@(Re)l 4 ”\/—(Re)m

F F
_(Re)l 3 ll/N%Iﬁ_ (R, 5

\/N Nz

( \ R 13

A7

wherein each R° is as defined above and described herein; or

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 R® groups, wherein
each R® group is as defined above and described herein; or
(xvi)

N N N
N
< 2 Lo O
Y TR TR Y TR
u_/ Re
; \/ ®913 \ \<R6>12
( % T R)s
; \(Re)lz N \Re
Y. 1y
q R Y TR
\Re § T=R13

<

TR

w
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-continued

(

\<Re>1 2

wherein each R and R? is as defined above and described
herein; or

(xvii) an 8-10 membered bicyclic, saturated, partially unsat-
urated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein R® s as defined above
and described herein.

(@) L is a bivalent C, ¢ straight or branched, hydrocarbon
chain wherein two or three methylene units of L. are option-
ally and independently replaced by —NRC(O)—, —C(O)
NR—, —NR)SO,—, —SO,N(R)—, —S—, —S(0)—,
—S0,—, —0C(0)—, —C(0)O—, cyclopropylene, —O—,
—N(R)—, or —C(O)—; and Y is hydrogen or C, , aliphatic
optionally substituted with oxo, halogen, NO,, or CN.

(r) L-Y is “pro-warhead” that is converted in vitro or in vivo
to an irreversible warhead.

In certain embodiments, L-Y is

O
LG/\)J\N}LLL
H ,

wherein LG is a leaving group as understood by one of ordi-
nary skill in the art. In certain embodiments, L-Y is

\Tng
R\O/\)Lg%

wherein R is as defined and described above and herein. In
certain embodiments, the “pro-warhead” is converted to a
warhead group (e.g., an acrylamide group) according to the
following:

\TJ& —
oA — A

Such “pro-warheads” are applicable to any o, unsaturated
system, e.g.,
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§ J\/
H’{N\s LG,
o//\\o
§ 0
% W\N/ ,
| LG
0 LG
0 LG
| N
~N NN

In certain embodiments, R is -L-Y, wherein:

L is a covalent bond or a bivalent C,_g saturated or unsatur-
ated, straight or branched, hydrocarbon chain, wherein
one, two, or three methylene units of L are optionally and
independently replaced by —N(R)C(O)—, —N(R)SO,—,
—0—, —C(0)—, or —SO,—; and

Y is hydrogen, or C, ¢ aliphatic optionally substituted with
oxo, halogen, N(R),, NO,, or CN.

In certain embodiments, the Y group of R' group, -L-Y, is
selected from those set forth in Table 1, below, wherein each
wavy line indicates the point of attachment to the rest of the
molecule.

TABLE 1

Exemplary Y groups:

(@) a
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TABLE 1-continued

Exemplary Y groups:

R
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TABLE 1-continued TABLE 1-continued

Exemplary Y groups:
Exemplary Y groups:
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Exemplary Y groups:
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TABLE 1-continued
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Exemplary Y groups:
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TABLE 1-continued

Exemplary Y groups:
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TABLE 1-continued TABLE 1-continued
Exemplary Y groups: Exemplary Y groups:
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TABLE 1-continued TABLE 1-continued

Exemplary Y groups: Exemplary Y groups:
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o] %:
Imrr 60
[ \
N \ wherein each R? is independently a suitable leaving group,
NO,, CN, or oxo.

N In certain embodiments, R* is —C—=CH, —C=CCH,NH
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In some embodiments, R* is selected from those depicted in

Table 3, below.

In certain embodiments, the invention provides a com-
pound selected from the group consisting of those set forth in

Table 3, below:
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In some embodiments, the present invention provides a /7
compound set forth in Table 3, above, or a pharmaceutically Y X OH
acceptable salt thereof HN >—/
35
Other compounds contemplated by the invention are Cl x N
selected from those depicted in Table 4, below: | N
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Compounds according to the invention can be conjugated
to biological molecules, such as antibodies or other biological
carriers. In certain embodiments, the present invention pro-
vides a conjugate comprising one or both of ERK1 and ERK2
kinase having a cysteine residue, Cys183 (ERK1) and/or
Cys166 (ERK2), wherein the Cys183 and/or Cysl66 is
covalently, and irreversibly, bonded to an inhibitor, such that
inhibition of the kinase is maintained. Cys166 of ERK2 is the
same positional amino acid as Cys183 of ERK1. Thus, the
below discussion regarding Cys183 of ERK1 also applies to
Cys166 of ERK2 (and vice versa).

In certain embodiments, the present invention provides a
conjugate of the formula A:

Cys183-modifier-inhibitor moiety A

wherein:
the Cys183 is Cys183 of ERK1;
the modifier is a bivalent group resulting from covalent bond-
ing of a warhead group with the Cys183 of ERK1 kinase;
the warhead group is a functional group capable of covalently
binding to Cys183; and
the inhibitor moiety is a moiety that binds in the ATP binding
site of the ERK1 kinase.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula I-i:

(R,

R,

L

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where W is attached; and wherein each
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ofRing A, Ring B, R?, R?, R*, W, m and p, of formula I-i is as
defined for formula I above and as defined and described in
embodiments herein.
In certain embodiments, the inhibitor moiety of conjugate
A is of formula I-a-i:

®?),

RY.

N)\N 3
N R

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R?, R¥, m and p, of formula I-a-i
is as defined for formula I-a above and as defined and
described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is any one of formulae I-b-i, I-c-1, I-d-i, and I-e-i:

I-b-i
AN
5 |
Ry
NH
Y
R | Ny
N)\N ;
N R
I-ci
®?),——
NH
Y
R | Ny
N)\N R?
N R
I-d-i
5
Ry
NH
Y
R Ny
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-continued
T-e-i

(R?),

R,

LA

wherein each wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein each of Ring
B,R? R? R¥, m and p, of formulae I-b-i, I-c-i, I-d-i, and I-e-i
is as defined for formulea I-b, I-c, I-d, and I-e above and as
defined and described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula I-f-i:

I-fi

(R,

RY.

LA

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R, R?, R*, m and p, of formula I-f-i is as
defined for formula I-f above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of any one of formulae I-g-i, I-h-i, I-j-i, and I-k-i:

I-g-i
\
5 |
®R%—r
0
RY. Ny
| N)\N 3
N Ry
I-h-i
®RY,——
0
R, | Ny
)\
N
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I-j-i
i
Ry
(@]
R, | x N
N)\N 3
N R
I-k-i
®?),
(0]
R, X N

L

wherein each wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein each of Ring
B,R? R? R?, m and p, of formulae I-g-i, I-h-i, I-j-i, and I-k-i:
is as defined for formula I-g, I-h, I-j, and I-k above and as
defined and described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula I1-i:

II-i

®?),

FsC

N)\N 3
N R

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R?, m and p, of formula II-i is as
defined for formula II above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula III-i:

III-i

®?),

Cl

3
g(R Jm

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
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A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R?, m and p, of formula I11-i is as
defined for formula III above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula IV-i:

Iv-i

®)

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R, R?, R', m and p, of formula IV-i
is as defined for formula IV above and as defined and
described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula V-i:

V-i

(R?),

F5C

3
g(R I

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R?>, m and p, of formula V-i is as
defined for formula V above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula VI-i:

VI
(R?),

Cl

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
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of Ring A, Ring B, R?, R?, m and p, of formula VI-i is as
defined for formula VI above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula VII-i:

VII-i

(R3)m

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R?, R', m and p, of formula VII-i is as
defined for formula VII above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
A is of formula VIII-i:

VIII-i

®?),

RY

wherein the wavy bond indicates the point of attachment to
Cys183 of conjugate A via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R®, R¥, m and p, of formula VIII-i
is as defined for formula VIII above and as defined and
described in embodiments herein.

In certain embodiments, the present invention provides a
conjugate of the formula B:

Cys166-modifier-inhibitor moiety B

wherein:
the Cys166 is Cys166 of ERK2;

the modifier is a bivalent group resulting from covalent bond-
ing of a warhead group with the Cys166 of ERK2 kinase;

the warhead group is a functional group capable of covalently
binding to Cys166; and

the inhibitor moiety is a moiety that binds in the ATP binding
site of the ERK2 kinase.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula I-i:
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I-i

PN
N ga@)m

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where W is attached; and wherein each
of Ring A, Ring B, R?, R, R¥, W, m and p, of formula I-i is as
defined for formula I above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula I-a-i:

L-a-i

(R?),

RY

PN

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R?, R*, m and p, of formula I-a-i
is as defined for formula I-a above and as defined and
described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is any one of formulae I-b-i, I-c-i, I-d-i, and I-e-i:

I-b-i
AN
5
R
NH
Y
R | Ny
N)\N R?
N Ry
I-c-i
®RY,——
NH
Y
R Ny

P
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I-d-i
5
Rp—
NH
Y
R | x N
)\
N N R
H .
T-e-i
®?), V4
NH
Y
R N N

N)\N 3

wherein each wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein each of Ring
B, R? R? R¥, m and p, of formulae I-b-i, I-c-i, I-d-i, and I-e-i
is as defined for formula I-b, I-c, I-d, and I-e above and as
defined and described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula I-f-i:

I+

®?),

R

LA

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R?, R*, m and p, of formula I-{-i is as
defined for formula I-f above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of any one of formulae I-g-i, I-h-1, I-j-i, and I-k-i:

I-g-i

R
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-continued
I-h-i
®RY,——
(@]
R, | x N
)\ N R?
H( In
i
5
R
(@]
R, | x N
N)\ N ;
I-k-i
®?), 4
(@]
R, X N

LA

wherein each wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein each of Ring
B,R?,R? R”, mand p, of formulae I-g-i, I-h-i, I-j-i, and I-k-i:
is as defined for formula I-g, I-h, I-j, and I-k above and as
defined and described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula II-i:

II-i

(R,

PN
N ga@)m

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R?, m and p, of formula II-i is as
defined for formula IT above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula III-i:
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III-i

®?),
NH

Cl
\N

LA

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R?, R®, m and p, of formula ITI-i is as
defined for formula III above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula IV-i:

Iv-i

(R3)m

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, Ring B, R% R?, R", m and p, of formula IV-i
is as defined for formula IV above and as defined and
described in embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula V-i:

V-i

®?),

DN

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R?, m and p, of formula V-i is as
defined for formula V above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula VI-i:
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VI
(R?),

Cl

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R®, m and p, of formula VI is as
defined for formula VI above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula VII-i:

VII-i

<R3>m

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where O is attached; and wherein each
of Ring A, Ring B, R?, R*, R', m and p, of formula VII-i is as
defined for formula VII above and as defined and described in
embodiments herein.

In certain embodiments, the inhibitor moiety of conjugate
B is of formula VIII-i:

VIII-i

(R?),

R

wherein the wavy bond indicates the point of attachment to
Cys166 of conjugate B via the modifier, wherein when Ring
A is a five or six member ring, then the wavy bond is attached
to an atom adjacent to where NH is attached; and wherein
each of Ring A, R?, R?, R*, m and p, of formula VIII-i is as
defined for formula VIII above and as defined and described
in embodiments herein.
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In certain embodiments, the present invention provides a -continued
conjugate of any of the formulae below:
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-continued TABLE 5-continued

VII-i-n
Exemplary Modifiers Conjugated to Cys 183 or Cys166:

w

B

10 H
N
k\/ Y\S/><
VII-i-m o
15 Me
N.
W(\S
O
20
Ws/ﬁ
OH
25

VIII-i-n
S /><
OH

30

O Me
SN M
LA™ PO
N/ N—I 35
?{/§ S\}{
wherein each of Cys183, Cys166, Modifier, Ring A, Ring B, W
(@]

40

R?, R? R”, W, m and p, with respect to the above formulae is
as defined and described in embodiments herein for formulae
1,1-a,I-b, I-c, I-d, I-e, I-f, I-g, I-h, 1+, I-L, 11, TIT, TV, V, VI, VII
and VIII. In some embodiments, when Ring A is a five or six
member ring, then modifier is attached to an atom adjacent to
where W, N, or O is attached.

In other embodiments, the modifier moiety of any of con-
jugate described above is selected from those set forth in
Table 5, below. Exemplary modifiers further include any biva-
lent group resulting from covalent bonding of a warhead 50
moiety found in Table 1 or Table 2 with a cysteine of the
kinases recited herein. It will be understood that the exem-

S l\l/Ie
N
% N SMe
H

plary modifiers below are shown as conjugated to the sulthy- S\}{
dryl of CysX. g
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Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166: Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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TABLE 5-continued

Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166: Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166: Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166:
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Exemplary Modifiers Conjugated to Cys 183 or Cys166:

IMITUTIMIT
ddddd 5 I
E{N\S s
I\ ’
O/ \O
10 § nnnnn
% g
VAN
A
eeeee 15 00000
H
E{NWS\}L&
(6]
20
- pPPPP
E{NWS
(6]
ffir 23
H
N , 99999
ﬁ‘/\ S
(6]
30 O NH Irrr
geees %‘\ )I\
N S
H @f
35
1) SSSSS
o \LLL{H\){\}H
40
(€] tttt
iiiii :
S /?rré
45
i 4. Uses, Formulation and Administration
50  Pharmaceutically Acceptable Compositions
According to another embodiment, the invention provides
a composition comprising a compound of this invention or a
pharmaceutically acceptable derivative thereof and a pharma-
kKl ceutically acceptable carrier, adjuvant, or vehicle. In certain
55 embodiments, the amount of compound in compositions of
this invention is such that it is effective to measurably inhibit
one or both of ERK1 and ERK2, or a mutant thereof, in a
biological sample or in a patient. In certain embodiments, a
composition of this invention is formulated for administration
60 to a patient in need of such composition. In some embodi-
ments, a composition of this invention is formulated for oral
1111 P . .
administration to a patient.
The term “patient,” as used herein, means an animal, pref-
erably a mammal, and most preferably a human.
65  The term “pharmaceutically acceptable carrier, adjuvant,

or vehicle” refers to a non-toxic carrier, adjuvant, or vehicle
that does not destroy the pharmacological activity of the
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compound with which it is formulated. Pharmaceutically
acceptable carriers, adjuvants or vehicles that may be used in
the compositions of this invention include, but are not limited
to, ion exchangers, alumina, aluminum stearate, lecithin,
serum proteins, such as human serum albumin, buffer sub-
stances such as phosphates, glycine, sorbic acid, potassium
sorbate, partial glyceride mixtures of saturated vegetable
fatty acids, water, salts or electrolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, mag-
nesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcel-
Iulose, polyacrylates, waxes, polyethylene-polyoxypropy-
lene-block polymers, polyethylene glycol and wool fat.

A “pharmaceutically acceptable derivative” means any
non-toxic salt, ester, salt of an ester or other derivative of a
compound of this invention that, upon administration to a
recipient, is capable of providing, either directly or indirectly,
acompound of this invention or an inhibitorily active metabo-
lite or residue thereof

As used herein, the term “inhibitorily active metabolite or
residue thereof” means that a metabolite or residue thereof'is
also an inhibitor of one or both of ERK1 and ERK2, or a
mutant thereof.

Compositions of the present invention may be adminis-
tered orally, parenterally, by inhalation spray, topically, rec-
tally, nasally, buccally, vaginally or via an implanted reser-
voir. The term “parenteral” as used herein includes
subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intrale-
sional and intracranial injection or infusion techniques. Pref-
erably, the compositions are administered orally, intraperito-
neally or intravenously. Sterile injectable forms of the
compositions of this invention may be aqueous or oleaginous
suspension. These suspensions may be formulated according
to techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or sus-
pension in a non-toxic parenterally acceptable diluent or sol-
vent, for example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are
water, Ringer’s solution and isotonic sodium chloride solu-
tion. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium.

For this purpose, any bland fixed oil may be employed
including synthetic mono- or di-glycerides. Fatty acids, such
as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically-
acceptable oils, such as olive oil or castor oil, especially in
their polyoxyethylated versions. These oil solutions or sus-
pensions may also contain a long-chain alcohol diluent or
dispersant, such as carboxymethyl cellulose or similar dis-
persing agents that are commonly used in the formulation of
pharmaceutically acceptable dosage forms including emul-
sions and suspensions. Other commonly used surfactants,
such as Tweens, Spans and other emulsifying agents or bio-
availability enhancers which are commonly used in the manu-
facture of pharmaceutically acceptable solid, liquid, or other
dosage forms may also be used for the purposes of formula-
tion.

Pharmaceutically acceptable compositions of this inven-
tion may be orally administered in any orally acceptable
dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for
oral use, carriers commonly used include lactose and corn
starch. Lubricating agents, such as magnesium stearate, are
also typically added. For oral administration in a capsule
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form, useful diluents include lactose and dried cornstarch.
When aqueous suspensions are required for oral use, the
active ingredient is combined with emulsifying and suspend-
ing agents. If desired, certain sweetening, flavoring or color-
ing agents may also be added.

Alternatively, pharmaceutically acceptable compositions
of'this invention may be administered in the form of supposi-
tories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient that
is solid at room temperature but liquid at rectal temperature
and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene
glycols.

Pharmaceutically acceptable compositions of this inven-
tion may also be administered topically, especially when the
target of treatment includes areas or organs readily accessible
by topical application, including diseases of the eye, the skin,
or the lower intestinal tract. Suitable topical formulations are
readily prepared for each of these areas or organs.

Topical application for the lower intestinal tract can be
effected in a rectal suppository formulation (see above) or in
a suitable enema formulation. Topically-transdermal patches
may also be used.

For topical applications, provided pharmaceutically
acceptable compositions may be formulated in a suitable
ointment containing the active component suspended or dis-
solved in one or more carriers. Carriers for topical adminis-
tration of compounds of this invention include, but are not
limited to, mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene, polyoxypropylene com-
pound, emulsifying wax and water. Alternatively, provided
pharmaceutically acceptable compositions can be formulated
in a suitable lotion or cream containing the active components
suspended or dissolved in one or more pharmaceutically
acceptable carriers. Suitable carriers include, but are not lim-
ited to, mineral oil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol and water.

For ophthalmic use, provided pharmaceutically acceptable
compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferably, as solu-
tions in isotonic, pH adjusted sterile saline, either with or
without a preservative such as benzylalkonium chloride.
Alternatively, for ophthalmic uses, the pharmaceutically
acceptable compositions may be formulated in an ointment
such as petrolatum.

Pharmaceutically acceptable compositions of this inven-
tion may also be administered by nasal aerosol or inhalation.
Such compositions are prepared according to techniques
well-known in the art of pharmaceutical formulation and may
be prepared as solutions in saline, employing benzyl alcohol
or other suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other conven-
tional solubilizing or dispersing agents.

Most preferably, pharmaceutically acceptable composi-
tions of this invention are formulated for oral administration.
Such formulations may be administered with or without food.
In some embodiments, pharmaceutically acceptable compo-
sitions of this invention are administered without food. In
other embodiments, pharmaceutically acceptable composi-
tions of this invention are administered with food.

The amount of compounds of the present invention that
may be combined with the carrier materials to produce a
composition in a single dosage form will vary depending
upon the host treated, the particular mode of administration.
Preferably, provided compositions should be formulated so
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that a dosage of between 0.01-100 mg/kg body weight/day of
the inhibitor can be administered to a patient receiving these
compositions.

It should also be understood that a specific dosage and
treatment regimen for any particular patient will depend upon
a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health,
sex, diet, time of administration, rate of excretion, drug com-
bination, and the judgment of the treating physician and the
severity of the particular disease being treated. The amount of
a compound of the present invention in the composition will
also depend upon the particular compound in the composi-
tion.

Uses of Compounds and Pharmaceutically Acceptable
Compositions

Compounds and compositions described herein are gener-
ally useful for the inhibition of kinase activity of one or more
enzymes.

Examples of kinases that are inhibited by the compounds
and compositions described herein and against which the
methods described herein are useful include one or both of
ERK1 and ERK2, or a mutant thereof

The activity of a compound utilized in this invention as an
inhibitor of one or both of an ERK1 and ERK2 kinase, or a
mutant thereof, may be assayed in vitro, in vivo or in a cell
line. In vitro assays include assays that determine inhibition
of either the phosphorylation activity and/or the subsequent
functional consequences, or ATPase activity of activated
ERK1 and/or ERK2 kinase, or a mutant thereof. Alternate in
vitro assays quantitate the ability of the test compound to bind
to one or both of ERK1 and ERK2. Test compound binding
may be measured by radiolabeling the test compound prior to
binding, isolating one or both of the compound/ERK1 com-
plex and the compound/ERK2 complex, and determining the
amount of radiolabel bound. Alternatively, test compound
binding may be determined by running a competition experi-
ment where test compounds are incubated with one or both of
ERK1 and ERK2 kinase bound to known radioligands.
Detailed conditions for assaying a compound utilized in this
invention as an inhibitor of one or both of ERK1 and ERK2,
or a mutant thereof, are also set forth in the Examples below.

Without wishing to be bound by any particular theory, it is
believed that a provided compound comprising a warhead
moiety is more effective at inhibiting one or both of ERK1
and ERK2, or a mutant thereof, as compared to a correspond-
ing compound wherein the R' moiety of any of the formulae
herein is instead a non-warhead group or is completely absent
(i.e., is hydrogen). For example, a compound of any of the
formulae herein is more effective at inhibition of one or both
of ERK1 and ERK2, or a mutant thereof, as compared to a
corresponding compound wherein the R' moiety of any ofthe
formulae herein is instead a non-warhead moiety or is absent.

A provided compound comprising a warhead moiety, as
disclosed above, is more potent with respect to an IC,, against
one or both of ERK1 and ERK2, or a mutant thereof, than a
corresponding compound wherein the R' moiety of any of the
formulae herein is instead a non-warhead moiety or is absent.
Such comparative potency can be determined by standard
time-dependent assay methods, such as those described in
detail in the Examples section, infra. In certain embodiments,
a compound of any ofthe formulae herein is measurably more
potent than a corresponding compound of any of the formulae
herein wherein the R' moiety is a non-warhead moiety or is
absent. In some embodiments, a compound of any of the
formulae herein is measurably more potent, wherein such
potency is observed after about 1 minute, about 2 minutes,
about 5 minutes, about 10 minutes, about 20 minutes, about
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30 minutes, about 1 hour, about 2 hours, about 3 hours, about
4 hours, about 8 hours, about 12 hours, about 16 hours, about
24 hours, or about 48 hours, than a corresponding compound
of any of the formulae herein wherein the R' moiety of for-
mula is a non-warhead moiety or is absent. In some embodi-
ments, a compound of any of the formulae herein is any of
about 1.5 times, about 2 times, about 5 times, about 10 times,
about 20 times, about 25 times, about 50 times, about 100
times, or even about 1000 times more potent than a corre-
sponding compound of any of the formulae herein wherein
the R' moiety is a non-warhead moiety or is absent.

ERK1 and ERK2 Kinase

As described generally above, the compounds of the inven-
tion are useful as inhibitors of ERK protein kinases. ERK is
one of the key components in the RAS-RAF-MEK-ERK
MAPK pathway. As a downstream target, ERK inhibitors are
believed to be able to overcome drug resistance from K-RAS
and B-RAF mutations, as well as toxicity from RAF and
MEK inhibitors. Kinase selectivity was achieved through
silencing the selective Cys in a combination of the interac-
tions between the covalent inhibitors of the invention and
unique amino acids in the ATP binding pocket. Targeting the
selective Cys provides for prolonged pharmacodynamics in
silencing ERK activity, as well as potential lower doses in
cancer treatment, compared to reversible inhibitors.

In one embodiment, the compounds and compositions of
the invention are inhibitors of one or both of ERK1 and ERK2
protein kinases and thus, without wishing to be bound by any
particular theory, the compounds and compositions are par-
ticularly useful for treating or lessening the severity of a
disease, condition, or disorder where activation of one or both
of ERK1 and ERK2 protein kinases is implicated in the dis-
ease, condition, or disorder. When activation of one or both of
ERK1 and ERK?2 protein kinases is implicated in a particular
disease, condition, or disorder, the disease, condition, or dis-
order may also be referred to as “a disease, disorder, or con-
dition mediated by one or both of ERK1 and ERK2”, or
alternatively as an “ERK1- or ERK2-mediated disease”, con-
dition, or disease symptom. Accordingly, in another aspect,
the present invention provides a method for treating or less-
ening the severity of a disease, condition, or disorder where
activation of one or both of ERK1 and ERK2 protein kinases
is implicated in said disease, condition, or disorder.

The activity of a compound utilized in this invention as an
inhibitor of one or both of ERK1 and ERK2 protein kinases
may be assayed in vitro, in vivo or in a cell line. In vitro assays
include assays that determine inhibition of either the phos-
phorylation activity or ATPase activity of one or both of
activated ERK1 and ERK2 protein kinases. Alternate in vitro
assays quantitate the ability of the test compound to bind to
one or both of ERK1 and ERK2 protein kinases. Test com-
pound binding may be measured by radiolabelling the test
compound prior to binding, isolating one or both of the test
compound/ERK1 complex and test compound/ERK2 com-
plex, and determining the amount of radiolabel bound. Alter-
natively, test compound binding may be determined by run-
ning a competition experiment where new test compounds are
incubated with one or both of ERK1 and ERK2 protein
kinases bound to known radioligands. Detailed conditions for
assaying a compound utilized in this invention as an inhibitor
of one or both of ERK1 and ERK2, or a mutant thereof, are
also set forth in the Examples below.

The term “measurably inhibit”, as used herein means a
measurable change in one or both of ERK1 and ERK2 protein
kinase activity between a sample comprising said composi-
tion, and one or both of an ERK1 and ERK2 protein kinase
and an equivalent sample comprising one or both of ERK1
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and ERK?2 protein kinase in the absence of said composition.
Such measurements of protein kinase activity are known to
one of ordinary skill in the art and include those methods set
forth herein below.

According to another embodiment, the invention relates to
amethod ofinhibiting one or both of ERK1 and ERK?2 protein
kinase activity in a patient comprising the step of administer-
ing to said patient a compound of the present invention, or a
composition comprising said compound.

Diseases, disorders, or conditions treated by the com-
pounds of the invention include cancer, an autoimmune dis-
order, a neurodegenerative or neurological disorder, liver dis-
ease, a cardiac disorder, schizophrenia, or a bone-related
disorder.

Specifically, the present invention relates to a method of
treating or lessening the severity of a disease, disorder, or
condition selected from cancer, stroke, diabetes, hepatome-
galy, cardiovascular disease including cardiomegaly, Alzhe-
imer’s disease, cystic fibrosis, viral disease, autoimmune dis-
eases, atherosclerosis, restenosis, psoriasis, allergic disorders
including asthma, inflammation, neurological disorders and
hormone-related diseases, wherein the method comprises
administering to a patient in need thereof a composition
according to the present invention. In certain embodiments,
the cancer is a MAPK-mediated cancer.

In certain embodiments, the disease, disorder, or condition
mediated by one or both of ERK1 and ERK?2 includes, with-
out limitation, cancer, stroke, diabetes, hepatomegaly, cardio-
vascular disease including cardiomegaly, Alzheimer’s dis-
ease, cystic fibrosis, viral disease, autoimmune diseases,
atherosclerosis, restenosis, psoriasis, allergic disorders
including asthma, inflammation, neurological disorders and
hormone-related diseases. The term “cancer” includes, but is
not limited to the following cancers: breast, ovary, cervix,
prostate, testis, genitourinary tract, esophagus, larynx, glio-
blastoma, neuroblastoma, stomach, skin, keratoacanthoma,
lung, epidermoid carcinoma, large cell carcinoma, small cell
carcinoma, lung adenocarcinoma, bone, colon, adenoma,
pancreas, adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma, seminoma,
melanoma, sarcoma, bladder carcinoma, liver carcinoma and
biliary passages, kidney carcinoma, myeloid disorders, lym-
phoid disorders, Hodgkin’s, hairy cells, buccal cavity and
pharynx (oral), lip, tongue, mouth, pharynx, small intestine,
colon-rectum, large intestine, rectum, brain and central ner-
vous system, and leukemia. According to another embodi-
ment, the present invention relates to a method of treating a
cancer selected from breast, ovary, cervix, prostate, testis,
genitourinary tract, esophagus, larynx, glioblastoma, neuro-
blastoma, stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, small cell carcinoma, lung
adenocarcinoma, bone, colon, adenoma, pancreas, adenocar-
cinoma, thyroid, follicular carcinoma, undifferentiated carci-
noma, papillary carcinoma, seminoma, melanoma, sarcoma,
bladder carcinoma, liver carcinoma and biliary passages, kid-
ney carcinoma, myeloid disorders, lymphoid disorders,
Hodgkin’s, hairy cells, buccal cavity and pharynx (oral), lip,
tongue, mouth, pharynx, small intestine, colon-rectum, large
intestine, rectum, brain and central nervous system, and leu-
kemia.

In some particular embodiments, the disease, disorder, or
condition is cancer. The terms “cancer” and “cancerous” refer
to or describe the physiological condition in mammals that is
typically characterized by unregulated cell growth/prolifera-
tion. Examples of cancer include but are not limited to, car-
cinoma, lymphoma, blastoma, sarcoma, and leukemia. More
particular examples of such cancers include adenocarcinoma;
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adenoma; adrenocortical cancer; bladder cancer; bone can-
cer; brain cancer; breast cancer; cancer of the buccal cavity;
cervical cancer; colon cancer; colorectal cancer; endometrial
or uterine carcinoma; epidermoid carcinoma; esophogeal
cancer; eye cancer; follicular carcinoma; gallbladder cancer;
gastrointestinal cancer; cancer of the genitourinary tract;
glioblastoma; hairy cell carcinoma; various types ofhead and
neck cancer; hepatic carcinoma; hepatocellular cancer;
Hodgkin’s disease; keratoacanthoma; kidney cancer; large
cell carcinoma; cancer of the large intestine; laryngeal cancer;
liver cancer; lung cancer, such as, for example, adenocarci-
noma of the lung, small-cell lung cancer, squamous carci-
noma of the lung, non-small cell lung cancer; melanoma and
nonmelanoma skin cancer; lymphoid disorders; myeloprolif-
erative disorders, such as, for example, polycythemia vera,
essential thrombocythemia, chronic idiopathic myelofibro-
sis, myeloid metaplasia with myelofibrosis, chronic myeloid
leukemia (CML), chronic myelomonocytic leukemia,
chronic eosinophilic leukemia, hypereosinophilic syndrome,
systematic mast cell disease, atypical CML, or juvenile
myelomonocytic leukemia; neuroblastoma; ovarian cancer;
papillary carcinoma; pancreatic cancer; cancer of the perito-
neum; prostate cancer, including benign prostatic hyperpla-
sia; rectal cancer; salivary gland carcinoma; sarcoma; semi-
noma; squamous cell cancer; small cell carcinoma; cancer of
the small intestine; stomach cancer; testicular cancer; thyroid
cancer; undifferentiated carcinoma; and vulval cancer. In par-
ticular embodiments, the treated cancer is melanoma, breast
cancer, colon cancer, or pancreatic cancer.

In certain embodiments, the cancer is selected from the
group consisting of: melanoma, pancreatic cancer, thyroid
cancer, colorectal cancer, lung cancer, breast cancer, and ova-
rian cancer.

In certain embodiments, the invention provides a method
for overcoming drug resistance to Raf and Mek inhibitors,
comprising the step of administering to said patient an inhibi-
tor compound of one or both of ERK1 and ERK?2.

As used herein, the term “clinical drug resistance” refers to
the loss of susceptibility of a drug target to drug treatment as
a consequence of mutations in the drug target.

As used herein, the term “resistance” refers to changes in
the wild-type nucleic acid sequence coding a target protein,
and/or the protein sequence of the target, which changes
decrease or abolish the inhibitory effect of the inhibitor on the
target protein.

As used herein, the terms “treatment,” “treat,” and “treat-
ing” refer to reversing, alleviating, delaying the onset of, or
inhibiting the progress of a disease or disorder, or one or more
symptoms thereof, as described herein. In some embodi-
ments, treatment is administered after one or more symptoms
have developed. In other embodiments, treatment is admin-
istered in the absence of symptoms. For example, treatment is
administered to a susceptible individual prior to the onset of
symptoms (e.g., in light of a history of symptoms and/or in
light of genetic or other susceptibility factors). Treatment is
also continued after symptoms have resolved, for example to
prevent or delay their recurrence.

The compounds and compositions, according to the
method of the present invention, are administered using any
amount and any route of administration effective for treating
or lessening the severity of a disorder provided above. The
exact amount required will vary from subject to subject,
depending on the species, age, and general condition of the
subject, the severity of the infection, the particular agent, its
mode of administration, and the like. Compounds of the
invention are preferably formulated in dosage unit form for
ease of administration and uniformity of dosage. The expres-

29 <.
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sion “dosage unit form” as used herein refers to a physically
discrete unit of agent appropriate for the patient to be treated.
Itwill be understood, however, that the total daily usage of the
compounds and compositions of the present invention will be
decided by the attending physician within the scope of sound
medical judgment. The specific effective dose level for any
particular patient or organism will depend upon a variety of
factors including the disorder being treated and the severity of
the disorder; the activity of the specific compound employed;
the specific composition employed; the age, body weight,
general health, sex and diet of the patient; the time of admin-
istration, route of administration, and rate of excretion of the
specific compound employed; the duration of the treatment;
drugs used in combination or coincidental with the specific
compound employed, and like factors well known in the
medical arts.

Pharmaceutically acceptable compositions of this inven-
tion can be administered to humans and other animals orally,
rectally, parenterally, intracisternally, intravaginally, intrap-
eritoneally, topically (as by powders, ointments, or drops),
bucally, as an oral or nasal spray, or the like, depending on the
severity of the infection being treated. In certain embodi-
ments, the compounds of the invention are administered
orally or parenterally at dosage levels of about 0.01 mg/kg to
about 50 mg/kg and preferably from about 1 mg/kg to about
25 mg/kg, of subject body weight per day, one or more times
a day, to obtain the desired therapeutic effect.

Liquid dosage forms for oral administration include, but
are not limited to, pharmaceutically acceptable emulsions,
microemulsions, solutions, suspensions, syrups and elixirs.
In addition to the active compounds, the liquid dosage forms
may contain inert diluents commonly used in the art such as,
for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethylformamide,
oils (in particular, cottonseed, groundnut, corn, germ, olive,
castor, and sesame oils), glycerol, tetrahydrotfurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral composi-
tions can also include adjuvants such as wetting agents, emul-
sifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Injectable preparations, for example, sterile injectable
aqueous or oleaginous suspensions may be formulated
according to the known art using suitable dispersing or wet-
ting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution, suspen-
sion or emulsion in a nontoxic parenterally acceptable diluent
or solvent, for example, as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be
employed are water, Ringer’s solution, U.S.P. and isotonic
sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium.
For this purpose any bland fixed oil can be employed includ-
ing synthetic mono- or diglycerides. In addition, fatty acids
such as oleic acid are used in the preparation of injectables.

Injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter, or by incorporat-
ing sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other
sterile injectable medium prior to use.

In order to prolong the effect of a compound of the present
invention, it is often desirable to slow the absorption of the
compound from subcutaneous or intramuscular injection.
This may be accomplished by the use of aliquid suspension of
crystalline or amorphous material with poor water solubility.
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Therate of absorption of the compound then depends upon its
rate of dissolution that, in turn, may depend upon crystal size
and crystalline form. Alternatively, delayed absorption of a
parenterally administered compound form is accomplished
by dissolving or suspending the compound in an oil vehicle.
Injectable depot forms are made by forming microencapsule
matrices of the compound in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of com-
pound to polymer and the nature of the particular polymer
employed, the rate of compound release can be controlled.
Examples of other biodegradable polymers include poly
(orthoesters) and poly(anhydrides). Depot injectable formu-
lations are also prepared by entrapping the compound in
liposomes or microemulsions that are compatible with body
tissues.

Compositions for rectal or vaginal administration are pref-
erably suppositories which can be prepared by mixing the
compounds of this invention with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene gly-
col or a suppository wax which are solid at ambient tempera-
ture but liquid at body temperature and therefore melt in the
rectum or vaginal cavity and release the active compound.

Solid dosage forms for oral administration include cap-
sules, tablets, pills, powders, and granules. In such solid dos-
age forms, the active compound is mixed with at least one
inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalcium phosphate and/or a) fillers or
extenders such as starches, lactose, sucrose, glucose, manni-
tol, and silicic acid, b) binders such as, for example, car-
boxymethylcellulose, alginates, gelatin, polyvinylpyrrolidi-
none, sucrose, and acacia, ¢) humectants such as glycerol, d)
disintegrating agents such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and
sodium carbonate, e) solution retarding agents such as paraf-
fin, f) absorption accelerators such as quaternary ammonium
compounds, g) wetting agents such as, for example, cetyl
alcohol and glycerol monostearate, h) absorbents such as
kaolin and bentonite clay, and i) lubricants such as talc, cal-
cium stearate, magnesium stearate, solid polyethylene gly-
cols, sodium lauryl sulfate, and mixtures thereof. In the case
of capsules, tablets and pills, the dosage form may also com-
prise buffering agents.

Solid compositions of a similar type may also be employed
as fillers in soft and hard-filled gelatin capsules using such
excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and
other coatings well known in the pharmaceutical formulating
art. They may optionally contain opacifying agents and can
also be of a composition that they release the active ingredi-
ent(s) only, or preferentially, in a certain part of the intestinal
tract, optionally, in a delayed manner. Examples of embed-
ding compositions that can be used include polymeric sub-
stances and waxes. Solid compositions of a similar type may
also be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugar as well
as high molecular weight polethylene glycols and the like.

The active compounds can also be in micro-encapsulated
form with one or more excipients as noted above. The solid
dosage forms of tablets, dragees, capsules, pills, and granules
can be prepared with coatings and shells such as enteric
coatings, release controlling coatings and other coatings well
known in the pharmaceutical formulating art. In such solid
dosage forms the active compound may be admixed with at
least one inert diluent such as sucrose, lactose or starch. Such
dosage forms may also comprise, as is normal practice, addi-
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tional substances other than inert diluents, e.g., tableting
lubricants and other tableting aids such a magnesium stearate
and microcrystalline cellulose. In the case of capsules, tablets
and pills, the dosage forms may also comprise buffering
agents. They may optionally contain opacifying agents and
can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the
intestinal tract, optionally, in a delayed manner. Examples of
embedding compositions that can be used include polymeric
substances and waxes.

Dosage forms for topical or transdermal administration of
a compound of this invention include ointments, pastes,
creams, lotions, gels, powders, solutions, sprays, inhalants or
patches. The active component is admixed under sterile con-
ditions with a pharmaceutically acceptable carrier and any
needed preservatives or buffers as may be required. Oph-
thalmic formulation, ear drops, and eye drops are also con-
templated as being within the scope of this invention. Addi-
tionally, the present invention contemplates the use of
transdermal patches, which have the added advantage of pro-
viding controlled delivery of a compound to the body. Such
dosage forms can be made by dissolving or dispensing the
compound in the proper medium. Absorption enhancers can
also be used to increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate
controlling membrane or by dispersing the compound in a
polymer matrix or gel.

According to one embodiment, the invention relates to a
method of inhibiting protein kinase activity in a biological
sample comprising the step of contacting said biological
sample with a compound of this invention, or a composition
comprising said compound.

According to another embodiment, the invention relates to
a method of inhibiting one or both of ERK 1 and ERK2
kinase, or a mutant thereof, activity in a biological sample
comprising the step of contacting said biological sample with
a compound of this invention, or a composition comprising
said compound. In certain embodiments, the invention relates
to amethod of irreversibly inhibiting one or both of ERK1 and
ERK2 kinase, or a mutant thereof, activity in a biological
sample comprising the step of contacting said biological
sample with a compound of this invention, or a composition
comprising said compound.

The term “biological sample™, as used herein, includes,
without limitation, cell cultures or extracts thereof; biopsied
material obtained from a mammal or extracts thereof; and
blood, saliva, urine, feces, semen, tears, or other body fluids
or extracts thereof.

Inhibition of one or both of ERK1 and ERK2, or a mutant
thereof, activity in a biological sample is useful for a variety
of'purposes that are known to one of skill in the art. Examples
of such purposes include, but are not limited to, blood trans-
fusion, organ-transplantation, biological specimen storage,
and biological assays.

Another embodiment of the present invention relates to a
method of inhibiting protein kinase activity in a patient com-
prising the step of administering to said patient a compound
of the present invention, or a composition comprising said
compound.

According to another embodiment, the invention relates to
amethod of inhibiting one or both of ERK1 and ERK2 kinase,
ora mutant thereof, activity in a patient comprising the step of
administering to said patient a compound of the present
invention, or a composition comprising said compound.
According to certain embodiments, the invention relates to a
method of irreversibly inhibiting one or both of ERK1 and
ERK2 kinase, or a mutant thereof, activity in a patient com-

10

25

30

35

40

45

50

55

60

65

208

prising the step of administering to said patient a compound
of the present invention, or a composition comprising said
compound. In certain embodiments, the activity is inhibited
irreversibly by covalently modifying Cys 183 of